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SECTION 10 - STRUCTURAL STEEL
(1996 Sixteenth Edition with 1997 - 2001 Interim Revisions)

Part A
General Requirements and Materials

10.1 APPLICATION
10.1.1 General

The specifications of this section are intended
for design of steel components, splices and connections
for straight beam and girder structures, frames, trusses,
arches and metal structures, as applicable. For horizon-
tally curved bridges, see the current AASHTO Guide
Specifications for Horizontally Curved Bridges.

10.1.2 Notations

A = areaof crosssection (in.2) (Articles10.37.1.1,
10.34.4.7, 10.48.1.1, 10.48.4.2, 10.48.5.3
and 10.55.1)

A = bending moment coefficient (Article
10.50.1.1.2)

Ae = effectiveareaof aflangeor spliceplatewith
holes (in?) (Articles10.1822.1,10.182.2.3)

Ar = amplification factor (Articles 10.37.1.1 and
10.55.1)

As = sum of the area of thefillers on the top and
bottom of the connected plate (in.2) (Article
10.18.1.2)

(AFy)pr = product of areaand yield strength for bottom
flangeof stedl section (Ib) (Article10.50.1.1.1)

(AFy). = product of areaand yield strength of that
part of reinforcing which lies in the com-
pression zone of the slab (Ib.) (Article
10.50.1.1.1)

(AFy) = product of areaand yield strength for top
flange of steel section (Ib.) (Article
10.50.1.1.1)

(AFy)w = product of areaandyield strengthfor web of
steel section (Ib.) (Article 10.50.1.1.1)

As = area of flange (in.2) (Articles 10.39.4.4.2,
10.48.2.1, 10.53.1.2, and 10.56.3)

>

fc
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4

As

= area of compression flange (in.2) (Article
10.48.4.1)

= grossareaof wholeconnected material (in.2)
(Article 10.19.4.2)

= gross area of aflange or splice plate (in.2)
(Article 10.18.2.2.1 and 10.18.2.2)

= net area of the fastener (in.2) (Article
10.32.3.2.1 and 10.57.3.1)

= smaller of either the connected plate areaor
the sum of the splice plate areas on the top
and bottom of the connected plate (in.2)
(Article 10.18.1.2)

= total areaof longitudinal slab reinforcement
steel for each beam over interior support
(in.2) (Article 10.38.5.1.3)

= area of steel section (in.2) (Articles
10.38.5.1.2, 10.54.1.1, and 10.54.2.1)

= total areaof longitudinal reinforcing steel at
theinterior support withintheeffectiveflange
width (in.2) (Article 10.38.5.1.2)

= gross area along the plane resisting tension
(in.2) (Article 10.19.4)

= net area along the plane resisting tension
(in.2) (Article 10.19.4)

= gross area along the plane resisting shear
(in.2) (Article 10.19.4)

= net areaalong the planeresisting shear (in.2)
(Article 10.19.4)
= areaof web of beam(in.2) (Article10.53.1.2)

= distance from center of bolt under consider-
ation to edge of plate (in.) (Articles
10.32.3.3.2 and 10.56.2)

= gpacing of transversestiffeners(in.) (Article
10.39.4.4.2)

= depth of stress block (in.) (Figure 10.50A)

= constant based onthenumber of stresscycles
(Article 10.38.5.1.1)
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B = constant for stiffeners (Articles 10.34.4.7
and 10.48.5.3)

b = compression flange width (in.) (Tables
10.32.1A and10.34.2A, Article10.34.2.1.3)

b = distancefrom center of bolt under consider-

ation to toe of fillet of connected part (in.)
(Articles 10.32.3.3.2 and 10.56.2)

b = effectiveflangewidth (in.) (Articles10.38.3,
10.38.5.1.2 and 10.50.1.1.1)

b = widest flangewidth (in.) (Article 10.15.2.1)

b = distancefrom edge of plate or edge of perfo-

ration to the point of support (in.) (Article

10.35.2.3)
b = unsupported distance between pointsof sup-
port (in.) (Table10.35.2A and Article 10.35.2.3)
b = flange width between webs (in.) (Articles
10.37.3.1, 10.39.4.2, and 10.51.5.1)
b' = width of stiffeners(in.) (Articles 10.34.5.2,
10.34.6,10.37.2.4,10.39.4.5.1,and 10.55.2)
b' = width of aprojecting flange element, angle,

orstiffener (in.) Articles10.34.2.2,10.37.3.2,
10.39.4.5.1, 10.48.1, 10.48.2, 10.48.5.3,
10.50, 10.51.5.5, and 10.55.3)

Dep = width of thebody of theeyebar (in.) (Article
10.25.3)

C = web buckling coefficient (Articles 10.34.4,
10.48.5.3, and 10.48.8.)

C = compressive force in the slab (Ib.) (Article
10.50.1.1.1)

c = compressive force in top portion of steel
section (Ib.) (Article 10.50.1.1.1)

Cph = bending coefficient (Table 10.32.1A, Ar-
ticle 10.48.4.1)

Ce = column slenderness ratio dividing elastic
and inelastic buckling (Table 10.32.1A)

Cix = coefficient applied to bending termininter-

action formula for prismatic members; de-
pendent upon member curvature caused by
applied moments about the X axis (Articles
10.36 and 10.54.2)

Chy = coefficient applied to bending termininter-
action formula for prismatic members; de-
pendent upon member curvature caused by
applied moments about the Y axis (Articles
10.36 and 10.54.2)

c = bucklingstresscoefficient (Article10.51.5.2)

10-2 Section 10 STRUCTURAL STEEL
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Ec

= clear distance between flanges (in.) (Article
10.15.2)

= clear unsupported distance between flange
components(in.) (Table10.34.3A,10.37.2A,
10.48.5A, 10.55.2A, Articles 10.18.2.34,
10.18.2.35,10.18.2.3.7,10.18.2.3.8,10.18.2.39,
10.34.3, 10.34.4, 10.34.5, 10.37.2, 10.48.1,
10.48.2, 10.48.4, 10.48.5, 10.48.6, 10.48.8,
1049.2,10.49.3.2,10.50.2.1, and 10.55.2)

= distance from the top of concrete slab to the
neutral axisat which acomposite sectionin
positive bending theoretically reaches its
plastic moment capacity when the maxi-
mum compressive strain in concrete slab is
at 0.003 (Article 10.50.1.1.2)

= clear distance between the neutral axis and
the compression flange (in.) (Table
10.34.3A, Articles 10.48.2.1(b), 10.48.4.1,
10.49.2, 10.49.3.2.2 and 10.50)

= depth of web in compression at the plastic
moment (in.) (Articles 10.50.1.1.2 and
10.50.2.1)

= distance from top of the slab to the plastic
neutral axis at the plastic moment (in.)
(Article 10.50.1.1.2)

= bolt diameter (in.) (Table 10.32.3B)
= diameter of stud (in.) (Article 10.38.5.1)

= depth of beam or girder (in.) (Article 10.13,
Table10.32.1A, Articles10.48.2,10.48.4.1,
and 10.50.1.1.2)

= diameter of rocker or roller (in.) (Article
10.32.4.2)

= beam depth (in.) (Article 10.56.3)

= column depth (in.) (Article 10.56.3)

= spacing of intermediate stiffener (in.) (Ar-
ticles10.34.4,10.34.5,10.48.5.3,10.48.6.3,
and 10.48.8)

= distancefrom the centerline of aplatelongi-
tudinal stiffener or the gage line of an angle
longitudinal stiffener to the inner surface or
the leg of the compression flange compo-
nent (in.) (Table 10.34.3A, 10.34.5A, Ar-
ticles 10.34.5 and 10.49.3.2)

= modulus of elasticity of steel (psi) (Table
10.32.1A and Articles10.15.3,10.36,10.37,
10.39.4.4.2, 10.54.1, 10.54.2 and 10.55.1)

= modulus of elasticity of concrete (psi) (Ar-
ticle 10.38.5.1.2)
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e = distance from the centerline of the spliceto
thecentroid of the connection on theside of
thejoint under consideration (in.) (Articles
10.18.2.3.3,10.18.2.3.5and 10.18.2.3.7)

Fa = alowableaxial stress(psi) (Table10.32.1A
and Articles 10.36, 10.37.1.2, and 10.55.1)

Fp = allowable bending stress (psi) (Table
10.32.1A andArticles10.37.1.2and 10.55.1)

Foc = allowablecompressionflangestressspecified
in Table10.32.1A (psi) (Article 10.18.2.3.8)

Fos = allowable block shear rupture stress (psi)
(Article 10.19.14)

Fot = allowabletension flange stress specifiedin
Table 10.32.1A (psi) (Article 10.18.2.3.8)

Fox = allowablecompressivebending stressabout
the X axis (psi) (Article 10.36)

Foy = allowablecompressivebending stress about
the Y axis (psi) (Article 10.36)

For = critical stressof thecompressionflangeplate

or member (psi) (Articles 10.51.1, 10.51.5,
10.54.1.1,and 10.54.2.1)

Feu = design stress for the flange at a point of
splice (psi) (Articlel0.18.2.2.2)

Fp = maximum horizontal force (Ib.) (Article
10.20.2.2)

Fe = Euler bucklingstress(psi) (Articles10.37.1,
10.54.2, and 10.55.1)

F¢ = Euler stress divided by a factor of safety
(psi) (Article 10.36)

Fo = allowable bearing stress on high-strength
bolts or connected material (psi) (Table
10.32.3B)

Fs = limitingbending stress(psi) (Article10.34.4)

For = allowablerangeof fatiguestress(psi) (Table
10.3.1A)

F.S. = factor of safety (Table 10.32.1A and Ar-

ticles10.36 and 10.37.1.3)

K¢ = reduced allowable tensile stress on rivet or
bolt due to the applied shear stress (psi)
(Articles 10.32.3.3.4 and 10.56.1.3.3)

Fy = gpecified minimum tensile strength (psi)
(Tables 10.2C, 10.32.1A and 10.32.3B, Ar-
ticles10.18.4 and 10.19.4)

Fu = tensile strength of electrode classification
(psi) (Table 10.56A and Article 10.32.2)

Fum

Fv

Fv

fDL

foLsLL

fo

1:bx

foy
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= maximum bending strength of either thetop
or bottom flange, whichever flange has the
larger ratio of (fg/Fum) (Article 10.48.8.2)

= allowable shear dress (ps) (Tables 10.32.1A,
10.32.3Band10.34.3A,andArticles10.18.2.3.6,
10.32.2,10.32.3,10.34.4,10.40.2.2)

= shear strength of a fastener (psi) (Article
10.56.1.3)

= design shear stressin theweb at the point of
splice defined in Article 10.18.2.3.6 (ps) (Ar-
ticles10.18.2.3.6,10.18.2.3.7 and 10.18.2.3.9)

= specified minimum yield strength of steel
(psi) (Table10.34.2A,10.34.3A,10.34.5A,
10.35.2A, 10.48.5A, and Articles 10.15.2.1,
10.15.3,10.16.11,10.19.4,10.32.1,10.32.4,10.34,
10.35, 10.37.1.3, 10.38.5, 10.39.4, 10.40.2.2,
10.41.4.6, 10.46, 10.48, 10.49, 10.50, 10.51.5,
and 10.54)

= specified minimum yield strength of the
reinforcing steel (psi) (Article 10.38.5.1.2)

= specified minimum yield strength of the
flange (psi) (Articles 10.18.2.2.2,
10.18.2.3.4,10.48.1.1, and 10.53.1)

= specified minimum yield strength of the
web (psi) (Articles10.18.2.3.4and 10.53.1)

= maximuminducedstressinthebottomflange
(psi) (Article 10.21.2)

= maximum compressive stress (psi) (Article
10.41.4.6)

= non-compositedead-load stressinthe com-
pressionflange(psi) (Articles10.34.5.1and
10.49.3.2)

= total non-composite and composite dead
load plus the composite live-load stressin
compression flange at the most highly
stressed section of the web (psi) (Articles
10.34.5.1 and 10.49.3.2)

= calculated axial compression stress (psi)
(Table 10.35.2A, 10.37.2A, 10.55.2A, and
Articles 10.36 and 10.37)

= calculated compressive bending stress (psi)
(Table 10.34.2A, 10.34.3A, 10.37.2A,
10.55.2A, and Articles 10.37 and 10.39)

= calculated compressivebendingstressabout
the x axis (psi) (Article 10.36)

= calculated compressivebendingstressabout
they axis (psi) (Article 10.36)
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f = gpecified compressive strength of concrete
as determined by cylinder tests at age of 28
days (psi) (Articles 10.38.1, 10.38.5.1.2,
10.45.3, and 10.50.1.1.1)

a1 =top flange compressive stress due to
noncomposite dead load (psi) (Table
10.34.2A)

fo = maximum flexural stress due to Group |

loading divided by 1.3 at the mid-thickness
of the flange under consideration for the
smaller section at the point of splice (psi)
(Articles 10.18.2.2.2 and 10.18.2.3.5)

fof = flexural stress due to Group | loading di-
vided by 1.3 at the mid-thickness of the
other flange at the point of splice concurrent
with f, in the flange under consideration
(psi) (Article 10.18.2.3.5)

fr = range of stressdueto liveload plusimpact,
in the slab reinforcement over the support
(psi) (Article 10.38.5.1.3)

fs = maximum longitudinal bending stressinthe
flange of the panels on either side of the
transverse stiffener (psi) (Article 10.39.4.4)

fi = calculated tensile stress (psi) (Articles
10.32.3.3.3 and 10.56.1.3.3)

fy = calculated shear stress(psi) (Table10.34.3A,
Articles 10.32.3.2.3 and 10.34.4.4)

g = gage between fasteners (in.) (Articles
10.16.14 and 10.24.5)

H = height of stud (in.) (Article 10.38.5.1.1)

Hy = horizontal design force resultant in the web

at apoint of splice(Ib.) (Articles10.18.2.3.8
and 10.18.2.3.9)

Huwo = overload horizontal designforceresultantin
the web at a point of splice (Ib.) (Article
10.18.2.3.5)

Huwu =horizontal design force resultant in the web

at apoint of splice(Ib.) (Articles10.18.2.3.4
and 10.18.2.3.5)

h = average flange thickness of the channel
flange (in.)(Article 10.38.5.1.2)

I = momentofinertia(in.4) (Articles10.34.4,10.34.5,
10.385.1.1, 10.485.3, and 10.48.6.3)

ls = moment of inertiaof stiffener (in.4) (Articles
10.37.2, 10.39.4.4.1, and 10.51.5.4)
l¢ = moment of inertia of transverse stiffeners

(in.4) (Article 10.39.4.4.2)

10-4 Section 10 STRUCTURAL STEEL

Kp

Kh

ki

Lp

Le

Le

L

= moment of inertia of member about the
vertical axis in the plane of the web (in.4)
(Article 10.48.4.1)

= moment of inertia of compression flange
about thevertical axisintheplaneof theweb
(in.%) (Table 10.32.1A, Article 10.48.4.1)

= required ratio of rigidity of one transverse
stiffener to that of the web plate (Articles
10.34.4.7 and 10.48.5.3)

= St. Venant torsional constant (in.4) (Table
10.32.1A, Article 10.48.4.1)

= effective length factor in plane of buckling
(Table10.32.1A andArticles10.37,10.54.1,
10.54.2 and Appendix C)

= effective length factor in plane of buckling
(Article 10.36)

= hole size factor
10.57.3.1)

= constant: 0.75for rivets; 0.6for high-strength
boltswith thread excluded from shear plane
(Article 10.32.3.3.4)

= buckling coefficient (Table10.34.3A, Articles
10.34.4, 10.39.4.3, 10.48.8, and 10.51.5.4)

= distance from outer face of flange to toe of
web fillet of member to be stiffened (in.)
(Article 10.56.3)

= buckling coefficient (Article 10.39.4.4)

= actual unbracedlength(in.) (Table10.32.1A
and Articles 10.7.4, 10.15.3, and 10.55.1)

= 1/2 of thelength of thearchrib (in.) (Article
10.37.1)

= distancebetweentransversebeams(in.) (Ar-
ticle 10.41.4.6)

= unbraced length (in.) (Table10.48.2.1A and
Articles 10.36, 10.48.1.1, 10.48.2.1,
10.48.4.1, and 10.53.1.3)

= length of member between pointsof support
(in.)(Article 10.54.1.1)

= clear distance between the holes or between
the hole and the edge of the material in the
direction of the applied bearing force (in.)
(Table 10.32.3B and Article 10.56.1.3.2)

= limiting unbraced length for the yield mo-
ment capacity (in.) (Article 10.48.4.1)

= limiting unbraced length for elastic lateral
torsional buckling moment capacity (in.)
(Article 10.48.4.1)

(Articles 10.32.3.2 and

+ + + +
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I = member length (in.) (Table 10.32.1A and
Article 10.35.1)

M = maximum bendingmoment (Ib-in.) (Articles
10.48.2, 10.48.8 and 10.54.2)

My = smaller end moment at the end of amember

(Ib-in.) (Table 10.36A)

Mi & M, = moments at two adjacent braced points (Ib-
in.) ( Table 10.36A)

Ma = absolute value of moment at quarter point of
the unbraced beam segment (Ib-in.) (Table
32.1.A and Article 10.48.4.1)

Mg = absolute value of moment at midpoint of the
unbraced beam segment (lb-in.) (Table
32.1.A and Article 10.48.4.1)

= absolute value of moment at three-quarter
point of the unbraced beam segment (1b-in.)
(Table 32.1.A and Article 10.48.4.1)

M¢ = column moment (Ib-in.) (Article 10.56.3.2)

Mo = moments caused by dead load acting on
composite girder (Ib-in.) (Article 10.50.1.2.2)

= absolute value of maximum moment in the
unbraced beam segment (lb-in.) (Table
32.1.A and Article 10.48.4.1)

Mp = full plastic moment of the section (Ib-in.)
(Articles 10.50.1.1.2 and 10.54.2.1)

M; = lateral torsional buckling moment capacity
(Ib-in.) (Articles 10.48.4.1 and 10.53.1.3)

Ms = elastic pier moment for loading producing
maximum positive moment in adjacent span
(Ib-in.) (Article 10.50.1.1.2)

= moments caused by dead load acting on

steel girder (Ib-in.) (Article 10.50.1.2.2)
My = design bending strength (Ib-in.) (Articles
10.18.2.2.2, 10.48, 10.51.1, 10.53.1, and
10.54.2.1)

My = design moment dueto the eccentricity of the
design shear at a point of splice (Ib-in.)
(Articles 10.18.2.3.7 and 10.18.2.3.9)

= overload design moment due to the eccen-
tricity of the design shear at apoint of splice
(Ib-in.) (Article 10.18.2.3.5)

= design moment dueto the eccentricity of the
design shear at a point of splice (Ib-in.)
(Articles 10.18.2.3.3 and 10.18.2.3.5)

= overload design moment at the point of splice
representing the portion of the flexural mo-
ment assumedto beresisted by theweb (Ib-in.)
(Articles 10.18.2.3.8 and 10.18.2.3.9)

Mc

Mimax

Msp

Mvo

MVU

My

Mwo = overload design moment at the point of
splice representing the portion of the flex-
ural moment assumed to be resisted by the
web (Ib-in.) (Article 10.18.2.3.5)

Moy = design moment at a point of splice repre-

senting the portion of the flexural moment
assumed to be resisted by the web (Ib-in.)
(Articles 10.18.2.3.4 and 10.18.2.3.5)

My = moment capacity at first yield (Ib-in.) (Ar-
ticles 10.18.2.2.2 and 10.50.1.1.2)

N; & N = number of shear connectors (Article

10.38.5.1.2)

Np = number of bolts in the joint (Articles
10.32.3.2.1 and 10.57.3.1)

N¢ = number of additional connectors for each
beam at point of contraflexure (Article
10.38.5.1.3)

Ns = number of dlip planesin adlip critical con-
nection (Articles10.32.3.2.1 and 10.57.3.1)

Ny = number of roadway design lanes (Article
10.39.2)

n = ratio of modulus of elasticity of steel to that
of concrete (Article 10.38.1)

n = number of longitudinal stiffeners (Articles
10.39.4.3, 10.39.4.4, and 10.51.5.4)

P = allowable compressive axial load on mem-
bers (Ib.) (Article 10.35.1)

P = axial compression on the member (Ib.) (Ar-
ticles 10.48.1.1, 10.48.2.1, and 10.54.2.1)

P, P1,P,

& P3 = force in the slab or in the steel girder (Ib.)
(Article 10.38.5.1.2)

Pet = designforcefor theflangeat apoint of splice
(Ib.) (Article10.18.2.2.3)

Peu = designforcefor theflangeat apoint of splice
(Ib.) (Article10.18.2.2.2)

Pto = overload design force for the flange at a
point of splice (Ib.) (Article10.18.2.2.2)

Ps = alowabledlipresistance(Ib.) (Article 10.32
22.1)

Py = designaxial compressionstrength (Ib.) (Ar-
ticle 10.54.1.1)

p = alowablebearing (Ib/in.) (Article10.32.4.2)

Q = prying tension per bolt (Ib.) (Articles

10.32.3.3.2 and 10.56.2)
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Py
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= statical moment about the neutral axis (in.3)
(Article 10.38.5.1.1)

= radius (ft.) (Article 10.15.2.1)

= number of design lanes per box girder (Ar-
ticle 10.39.2.1)

= reduction factor for hybrid girders (Articles
10.18.2.2.2, 10.18.2.2.4, 10.18.2.2.8,
10.40.2.1.1, 10.53.1.2, and 10.53.1.3)

= bending capacity reduction factor (Articles
10.48.4.1, and 10.53.1.3)

= arange of stressinvolving both tension and
compressionduringastresscycle(ps) (Table
10.3.1B)

= design dlip strength of a fastener (Ib.) (Ar-
ticle 10.57.3.1)

= vertical forceat connectionsof vertical stiff-
enersto longitudinal stiffeners(Ib.) (Article
10.39.4.4.8)

= design tension strength of a fastener (Ib.)
(Article 10.56.1.3.3)

= design shear strength of afastener (Ib.) (Ar-
ticle 10.56.1.3.2)

= vertical webforce(Ib.) (Article 10.39.4.4.7)

= radius of gyration (in.) (Articles 10.35.1,
10.37.1, 10.41.4.6, 10.48.6.3, 10.54.1.1,
10.54.2.1, and 10.55.1)

= radius of gyration in plane of bending (in.)
(Article 10.36)

= radius of gyration with respect to the Y-Y
axis (in.) (Article 10.48.1.1)

= radiusof gyration of thecompressionflange
about the axis in the plane of the web (in.)
(Table 10.32.1A, and Article 10.48.4.1)

= section modulus (in.3) (Articles 10.48.2,
10.51.1, and 10.53.1.3)

= range of horizontal shear (Ib.) (Article
10.38.5.1.1)

= sectionmodulusof transversestiffener (in.3)
(Articles 10.39.4.4 and 10.48.6.3)

= section modulus of longitudinal or trans-
verse stiffener (in.3) (Article 10.48.6.3)

= design shear strength of the shear connector
(Ib.) (Article 10.38.5.1.2)

= section modulus with respect to the com-
pression flange (in.3) (Table 10.32.1A, and
Article 10.48.4.1)

Section 10 STRUCTURAL STEEL

Sk

- section modulus with respect to the tension
flange (in.3) (Article 10.53.1.2)

pitch of any two successive holes in the
chain (in.) (Article 10.16.14.2)

rangeintensilestress (psi) (Table10.3.1B)

calculated direct tension per bolt (Ib.) (Ar-
ticles 10.32.3 and 10.56.2)

= archribthrust at the quarter point from dead
+live+impactloading(Ib.) (Articles10.37.1
and 10.55.1)

= required minimum bolt tension stress (psi)
(Articles 10.32.3.2 and 10.57.3.1)

= design block shear rupture strength (Ib.)
(Article 10.19.4)

= thickness of the thinner outside plate or
shape (in.) (Article 10.24.6)

= thickness of members in compression (in.)
(Table 10.35.2A and Article 10.35.2)

= thickness of thinnest part connected (in.)
(Articles 10.32.3.3.2 and 10.56.2)

= thickness of the wearing surface (in.) (Ar-
ticle 10.41.2)

= flange thickness (in.) (Articles 10.18.2.2.1,
10.34.2.1, 10.39.4.2, 10.48.1.1, 10.48.2.1,
10.50, and 10.51.5.1)

= thickness of a flange angle (in.) (Article
10.34.2.2)

= thicknessof stiffener (in.) (Article10.48.5.3)

= thickness of flange delivering concentrated
force (in.) (Article 10.56.3.2)

= thickness of flange of member to be stiff-
ened (in.) (Article 10.56.3.2)

= thicknessof theflange(in.) (Table10.37.2A,
10.55.2A, and Articles 10.37.3, 10.55.3 and
10.39.4.3)

= thickness of the concrete haunch above the
beam or girder top flange (in.) (Article
10.50.1.1.2)

= thickness of stiffener (in.) (Table 10.34.5A,

10.37.2A, 10.48.5A, 10.55.2A, and Article
10.34.5, 10.37.2, 10.48.5.3 and 10.55.2)

= dlab thickness (in.) (Articles 10.38.5.1.2,
10.50.1.1.1, and 10.50.1.1.2)

+ o+ + o+ o+
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ti =thickness of top flange (in.) (Article
10.50.1.1.1)

tw = webthickness(in.) (Table10.34.3A,10.48.5A,

10.55.2A, Articles 10.15.2.1, 10.18.2.3.4,
10.18.2.3.5, 10.18.2.3.7, 10.18.2.3.8,
10.18.2.3.9,10.34.3,10.34.4,10.34.5,10.37.2,
10.48,10.49.2,10.49.3,10.55.2,and 10.56.3)

t' = thickness of outstanding stiffener element
(in.) (Articles 10.39.4.5.1 and 10.51.5.5)

\% = shearing force (Ib.) (Articles 10.35.1,
10.48.5.3, 10.48.8, and 10.51.3)

Vo = maximum shear in the web due to Group |

loading divided by 1.3 at the point of splice
(Ib.) (Article 10.18.2.3.5)

Vo = shear yielding strength of theweb (Ib.) (Ar-
ticles 10.48.8 and 10.53.1.4)

V, = range of shear dueto live loads and impact
(Ib.) (Article 10.38.5.1.1)

Vu =design shear strength (Ib.) (Articles
10.18.2.3.2,10.48.5.3,10.48.8,and 10.53.1.4)

Vy = cdculated vertica shear (Ib.) (Article 10.39.3.1)

Vi = design shear for a web (Ib.) (Articles

10.39.3.1 and 10.51.3)

A\ = designshear intheweb at thepoint of splice
(Ib.) (Articles 10.18.2.3.2, 10.18.2.3.3 and
10.18.2.3.5)

W = length of a channel shear connector, (in.)
(Article 10.38.5.1.2)

WL = fraction of awheel load (Article 10.39.2)

We = roadway width between curbs or barriersif
curbs are not used (ft.) (Article 10.39.2.1)

W, = |east net width of the flange or splice plate
(in.) (Article10.18.2.2.1)

w = length of a channel shear connector mea-
suredinatransversedirection ontheflange
of a girder (in.) (Article 10.38.5.1.1)

w = unit weight of concrete (pcf) (Article
10.38.5.1.2)

w = width of flange between longitudinal stiff-
eners (in.) (Articles 10.39.4.3, 10.39.4.4,
and 10.51.5.4)

X = subscript, represents thex-x axis(Article
10.54.2)

y = subscript, representsthey-y axis (Article
10.54.2)

Yo = distancefromtheneutral axistotheextreme
outer fiber (in.) (Article 10.15.3)

y = location of steel sectionsfrom neutral axis
(in.) (Article 10.50.1.1.1)

Z = plastic section modulus (in3) (Articles
10.48.1, 10.53.1.1, and 10.54.2.1)

Z = allowable range of horizontal shear on an
individual connector (Ib.) (Article10.38.5.1)

a = constant based onthenumber of stresscycles
(Article 10.38.5.1.1)

a = specified minimum vyield strength of the

webdivided by thespecified minimum yield
strength of the tension flange (Articles
10.40.2, 10.40.4 and 10.53.1.2)

a =factor for flange splice design equal to 1.0
except that alower value equal to (M/My)
may be used for flanges in compression at
sections where M, is less than My (Article

10.18.2.2.2)

B = areaof thewebdividedby theareaof thetension
flange (Articles 10.40.2and 10.53.1.2)

B = factor applied to gross area of flange and

splice platein computing the effectivearea
(Article 10.18.2.2.1)

0 = angle of inclination of the web plate to the
vertical (Articles10.39.3.1 and 10.51.3)

U] = ratio of total cross sectional areato the cross
sectional areaof bothflanges(Article10.15.2)

0] = distance from the outer edge of the tension

flange to the neutral axis divided by the
depth of the steel section (Articles 10.40.2

and 10.53.1.2)

A = amount of camber (in.) (Article 10.15.3)

ApL = dead load camber at any point (in.) (Article
10.15.3)

Am = maximumvalueof Ap, (in.) (Article10.15.3)

(0} = reduction factor (Articles 10.38.5.1.2, and
Table 10.56A )

[0} = |longitudinal stiffener coefficient (Articles
10.39.4.3and 10.51.5.4)

Pos = 0.8, reduction factor for block shear rupture
strength (Article 10.19.4)

Y = ratio of As to A, (Article 10.18.1.2)

M = dlip coefficient in a dlip-critical joint (Ar-

ticles10.32.3.2 and 10.57.3)

Section 10 StrRucTURAL STEEL 10-7
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10.1.3 Definition

The following terms are defined for general use in
Section 10. Specialized definitions appear in individual
Articles.

Allowable Design Strength — The capacity based on
allowable stress in the case of SERVICE LOAD DE-
SIGN METHOD, or thecapacity based ondesign strength
in the case of STRENGTH DESIGN METHOD.

Allowable Fatigue Stress Range — The maximum
stress range that can be sustained without failure of the
detail for a specified number of cycles.

Allowable Stress — The maximum stress permitted
under full service load.

Anchor Rod - A fastener that is typically used to
connect superstructure element to substructure and made
from threaded rod or stud material.

Arch — A curved vertical structure in which the hori-
zontal component of the force in the rib is resisted by a
horizontal tie or its foundation.

Beam — A straight or curved horizontal structural
member, primarily supporting transverse loads through
flexure, shear and torsion actions. Generally, thistermis
used when the member is made of rolled shapes.

Beam-Column — A member subjected to a combina-
tion of axial force and bending moment.

Block Shear Rupture—Failureof abolted web connec-
tion of coped beams or any tension connection when a
portion of a plate tears out along the perimeter of the
connecting bolts.

Bolt - A threaded fastener with a head, generally
available in stock lengths up to about eight inches.

Bolt Assembly — The bolt, nut(s) and washer (s).

Bracing Member — A member intended to brace a
main member, or part thereof, against lateral movement.

Charpy V-Notch Impact Requirement — The minimum
energy required to be absorbed in a Charpy V-notch test
conducted at a specified temperature.

Charpy V-notch Test — Animpact test complying with
the AASHTO T243M (ASTM A673M).

Clear Distance of Fasteners — The distance between
edges of adjacent fastener holes.

Column — A vertical framed structural member pri-
mary supporting axial compression loads.

Collapse Load — That load which can be carried by a
structural member or structure when failureisimminent.

Compact Section — A section which is capable of
developing thefully plastic stressdistribution in flexure.
Therotational capacity required to comply with analysis
assumptions used in various articles of this section is

10-8 Section 10 STRUCTURAL STEEL

provided by satisfying various flange and web slender-
ness and bracing requirements.

Component — A constituent part of a structure or
structural system.

Composite BeanVGirder — A beam/girder in which a
steel beam/girder and concrete deck are interconnected
by shear connectorsand respondto forceeffectsasaunit.

Cross Frame — Transverse truss framework connect-
ing adjacent longitudinal flexural components.

Deck Truss— A truss system in which the roadway is
at or above the elevation of the top chord of the truss.

Detail Category — A grouping of components and
details having essentially the same fatigue resistance.

Diaphragm — A transverse flexural component con-
necting adjacent longitudinal flexural components.

Edge Distance of Fasteners — The distance perpen-
dicular tothelineof force betweenthe center of afastener
hole and the edge of the component.

End Panel — The end section of atruss or girder.

Eyebar —A tension member with arectangular section
and enlarged ends for a pin connection.

Fastener —A rivet, bolt, threaded rod, or threaded stud
that is used to fasten individual elements together.

Fatigue— Theinitiation and/or propagation of acrack
due to repeated variation of normal stress with atensile
component.

Fatigue Design Life — The number of years that a
detail is expected to resist the assumed traffic loads
without fatigue cracking. In the development of these
Specifications it has been taken as 75 years.

Fatigue Life — The number of repeated stress cycles
that results in fatigue failure of a detail.

Finite Fatigue Life— The number of cyclesto failure
of a detail when the maximum probable stress range
exceeds the constant amplitude fatigue threshold.

FCM —Fracture Critical Member — A tension member
or atension component of aflexural member (including
those subject to reversal of stress) whose failure is ex-
pected to result in the collapse of the bridge

Fracture Toughness— A measure of a structural ma-
terial or element to absorb energy without fracture, gen-
erally determined by the Charpy V-notch test.

Gageof Bolts— Thedistance between adjacent lines of
bolts or the distance from the back of an angle or other
shape to the first line of bolts.

Girder — A straight or curved structural horizontal
member, primarily supporting transverse loads through
flexure, shear and torsional actions. Generally, thisterm
is used when the member is made of fabricated sections.

Grip — Distance between the nut and the bolt head.

Gusset Plate — Plate used to interconnect vertical,
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diagonal and horizontal truss members at a panel point.

Half-Through Truss Spans — A truss system with the
roadway located somewhere between the top and bottom
chords and which precludesthe use of atop lateral system.

Horizontally Curved Beam/Girder — A beam/girder
which is curved in plan.

Hybrid Girder — Fabricated steel girder with a web
that has a specified minimum yield strength which is
lower than one or both flanges.

Inelastic Action—A conditioninwhich deformationis
not fully recovered upon removal of the load that pro-
ducesiit.

Inelastic Redistribution — The redistribution of inter-
nal force effects in a component or structure caused by
inelastic deformation at one or more sections.

Interior Panel —Theinterior section of atrussor girder
component.

Lacing—Platesor barsto connect main componentsof
amember.

Lateral Bracing Component — A component utilized
individually or as part of a lateral bracing system to
prevent lateral buckling of components and/or to resist
lateral loads.

Load Path — A succession of components and joints
through which aload istransmitted fromitsorigin to its
destination.

Longitudinally Loaded Weld—Weld with applied|oad
paralel to the longitudinal axis of the weld.

Main Member — Any member on a critical path that
carries bridge gravity load. The loss of capacity of these
memberswould have serious consequences on the struc-
tural integrity.

Net Tensile Stress— The algebrai c sum of two or more
stresses in which the net effect istension.

Non-Compact Section — A section that can develop the
yield strengthin compression elementsbefore onset of local
buckling, but cannot resist inelastic local buckling at strain
levelsrequired for afully plastic stress distribution.

Orthotropic Deck — A deck made of steel plates
stiffened with open or closed steel ribs welded to the
underside.

Permanent Deflection— A type of inelastic deflection
which remainsin acomponent or system after theload is
removed.

Pitch of Bolts — The distance along the line of force
between the centers of adjacent holes.

Plate — A flat steel plate product whose thickness
exceeds 0.25in.

Portal Frames — End transverse truss bracing or
Vierendeel bracing that providesfor stability and resists
wind or seismic loads.

Redistribution Moment — An internal moment caused
by yielding in acontinuous span bending component and
held in equilibrium by external actions.

Redistribution of Moments — A process which results
from formulation of inelastic deformationin continuous
structures.

Redistribution Stress — The bending stress resulting
from the redistribution moment.

Redundancy — The multiple load paths of a bridge
which enables it to perform its design function in a
damaged state.

Redundant Member — A member whose failure does
not cause failure of the bridge.

Secondary Member - All members other than main
member not designed to carry primary load.

Sheet — A flat rolled steel product whose thicknessis
between 0.006 in. and 0.25 in.

S. Venant Torsion — A torsional moment producing
pure shear stresses on a cross-section in which plane
sections remain plane.

Stress Range — The algebraic difference between
extreme stresses resulting from the passage of a defined
load.

Subpanel — A stiffened web panel divided by one or
more longitudinal stiffeners.

Sway Bracing — Transverse vertical bracing between
truss members.

Threaded Rod - An unheaded rod that isthreaded its
entire length, typically an “off-the-shelf” item.

Threaded Sud—Anunheadedrodwhichisnot threaded
its entire length and typically threaded each end or one
end.

Through Truss Spans — A truss system where the
roadway is located near the bottom chord and which
contains atop chord lateral system.

Tie Plates — Plates used to connect components of a
member.

Transversely Loaded Weld —Weld with applied force
perpendicular to the longitudinal axis of the weld.

Unbraced Length — Distance between brace points
resisting themode of buckling or distortion under consid-
eration; generally, the distance between panel points or
brace locations.

Warping Torsion — A twisting moment producing
shear stress and normal stresses, and under which the
cross-section does not remain plane.

Yield Srength—Thestressat whichamaterial exhibits
aspecified limiting deviation from the proportionality of
stress to strain.

SectioN 10 STRUCTURAL STEEL 10-9
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10.2 MATERIALS

1021  General

These specifications recognize steels listed in the
following subparagraphs. Other steels may be used;
however, their properties, strengths, alowable stresses,
and workability must be established and specified.
10.2.2  Structural Steels

Structural steels shall conform to the material desig-
nated in Table 10.2A. The modulus of elasticity of all
grades of structural steel shall be assumed to be
29,000,000 psi and the coefficient of linear expansion
0.0000065 per degree Fahrenheit. The shear modulus of
elasticity shall be assumed to be 11,200,000 psi.
10.2.3  Steelsfor Pins, Rollers, and
Expansion Rockers

Steels for pins, rollers, and expansion rockers shall
conform to one of the designationslisted in Table 10.2A
and 10.2B, or shall be stainless steel conforming to
ASTM A 240 or ASTM A 276 HNS 21800.

10.2.4  Fasteners

Fasteners may be carbon steel bolts (ASTM A 307);
power-driven rivets, AASHTO M 228 Grades 1 or 2
(ASTM A 502 Grades 1 or 2); or high-strength bolts,
AASHTO M 164 (ASTM A 325), AASHTO M 253
(ASTM A 490) or fasteners conforming to ASTM A354
and ASTM A449. Structural fasteners shall conform the
material designated in Table 10.2C.

In the Standard Specifications of California Depart-
ment of Transportation, the following fastener descrip-
tions are defined: “Bolt” is ASTM A307; “HS Bolt” is
ASTM A325; “Threaded Rod” isASTM A307 Grade C.
“HS Threaded Rod” is ASTM A449. “Thread Stud” is
ASTM A307 Grade C. “HS Threaded Stud” is ASTM
A449; tensioning requirements only apply to A325 and
A490 bolts; and “Bolt” is a generic term that applies to
threaded rods, threaded studs, and anchor rods. The
provisionsand specificationsin ASTM A325, A490, and
A307 Grades A and B, arefor headed bolts only and do not
apply to threaded rods and studs. While ASTM A449 or
A354 boltsseemto betheequal of ASTM A3250r A490for
certain diameters and grades, there are differences in the

10-10 Section 10 STRUCTURAL STEEL

reguirements for inspection and quality assurance, and
heavy-hex head and nut dimensions. The tensioning
reguirementsinthe Standard Specificationsonly apply to
ASTM A325 and A490 bolts.

10.25 Weld Metal

Weld metal shall conform to the current requirements
of the ANSI/AASHTO/AWS D1.5 Bridge Welding Code.
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TABLE 10.2A  Minimum Material Properties— Structural Steel

L, M 270 M 270 M 270 M 270
AASHTO Designation™ | - G140 36 | Grade 50 | Grade S0W Grades 100/100W
Equivalent ASTM A 709 A 709 A 709 A 709 A709
Designation® Grade 36 Grade 50 | Grade 50W | Grade HPS 70W Grades 100/100W°
Up to 4 in. i i 14 1/ i
Thickness of Plates p. otm | Up ‘to 4in.| Up _to 4 in. Up to 4 in. incl. Up tf) 2/, in. Over‘ 2 /? in. fo
incl.® incl. incl. incl. 4 in. incl.

d All . . .
Shapes All Groups® Groups All Groups | Not Applicable | Not Applicable | Not Applicable
Minimum Tensile
Strength, F , psi 58,000 65,000 70,000 90,000 110,000 100,000
Minimum Yield
Strength, F', psi 36,000 50,000 50,000 70,000 100,000 90,000

a Except for the mandatory notch toughness and weldability requirements, the ASTM designations are similar to the AASHTO
designations. Steels meeting the AASHTO requirements are prequalified for use in welded bridges.

b Quenched and tempered alloy steel structural shapes and seamless mechanical tubing meeting all mechanical and chemical
requirementsof A 709 Grades 100/100W, except that the speci fied maximum tensile strength may be 140,000 psi for structural shapes
and 145,000 psi for seamless mechanical tubing, shall be considered as A 709 Grades 100/100W.

€ M 270 Grade 36 and A 709 Grade 36 are equivalent to M 183 and A 36.

M 270 Grade 50 and A 709 Grade 50 are equivalent to M 223 Grade 50 and A 572 Grade 50.

M 270 Grade 50W and A 709 Grade 50W are equivalent to M 222 and A 588.

M 270 Grade 70W and A 709 Grade 70W are equivalent to A 852.

M 270 Grades 100/100W and A 709 Grades 100/100W are equivalent to M 244 and A 514.

ASTM A 709, Grade HPS 70W replaces AASHTO M 270, Grade 70W. The intent of this replacement is to encourage the
use of HPS steel over conventional bridge steels due to its enhanced properties. AASHTO M 270, Grade 70W is till
available, but should be used only with the owners approval.

d Groups 1 and 2 include all shapes except thosein Groups 3, 4, and 5. Group 3 includes L-shapes over 3/4inch in thickness. HP shapes
over 102 pounds/foot, and the following W shapes:

Designations: W36 x 230 to 300 included
W33 x 200 to 240 included
W14 x 142 to 211 included
W12 x 120 to 190 included
Group 4 includes the following W shapes: W14 x 219 to 550 included
Group 5 includes the following W shapes: W14 x 605 to 730 included
For breakdown of Groups 1 and 2 see ASTM A 6.

€ For nonstructural applications or bearing assembly components over 4 in. thick, use AASHTO M 270 Grade 36
(ASTM A 270 Grade 36).

TABLE 10.2B  Minimum Material Properties— Pins, Rollers, and Rockers

Expansion rollers shall be not less than 4 inches in diameter

+ | AASHTO Designation M 1.02. M 1.02. M 1.02.
. . B to 20 in. in to 10 in. in to 20 in. in
+ | with Size Limitations . . .
dia. dia. dia.

+ | ASTM Designation A 668 A 668 A 668°
+ | Grade or Class Class D Class F Class G
+ | Minimum Yield
+ | Strength F) psi 37,500 50,000 50,000

b May substitute rolled material of the same properties.

SectioN 10 STRUCTURAL STEEL
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TABLE 10.2C Minimum Material Properties— Fasteners
Availability Strength
Type - . . Minimum | Minimum
Design N?tezaal Grade D‘?i‘;‘iter Yield | Tensile
P ' F (psi) | F, (psi)
A36 C - to 8 36,000 58,000
42 to 2 42,000 60,000
A572 HSLA
Unheaded Rod 50 to 6 50,000 65,000
and Stud to 4 50,000 70,000
Material (onl
aterial (only) |y sgg | HSLA i over4to5 | 46,000 | 67,000
ACR
over 5 to 8 42,000 63,000
A307 C C - 36,000 58,000
C 1 60,000¢
d
Rivets A502 HSLA 2 - NA 80,000
HSLA, q
ACR 3 80,000
'/, t0 2/, 130,000 150,000
BD
over 2'/,to 4| 115,000 140,000
A354 A, QT
Headed Bolt or '/, t02'/, 109,000 125,000
BC
Unheaded Rod over2'/ to4| 99,000 | 115,000
Material 2
/,to1 92,000 120,000
A449 C, QT - '/, to 1, 81,000 105,000
1%/, to0 3 58,000 90,000
A307 C A, B to 4 NA 60,000
'/ to 1 92,000 120,000
Headgd Bolt A325b< C.QT i 2
Material (only) 1',to 1Y, | 81,000 | 105,000
A49(0b< A, QT - '/, to 1Y/, 130,000 150,000
ap = Alloy Steel
ACR = Atmospheric-Corrosion-Resistant Steel
C = Carbon Steel
HSLA = High-Strength Low-Alloy Steel
QT = Quenched and Tempered Steel

b Available with weathering (atmospheric corrosion resistance) characteristics comparable to ASTM A242 and A588 Steels.

¢ Threaded rod material with properties meeting ASTM A325,A490,and A449 specifications may be obtained with the use of an
appropriate steel (such as ASTM A193,grade B7),quenched and tempered after fabrication.

d ASTM Specifications do not specify tensile strength for A502 rivets. A reasonable lower bound estimate F,, = 60,000 psi for Grade
1 and 80,000 for Grades 2 and 3 are areasonable lower bound estimate (See Kulak, Fisher and Struik, Guide to Design for Bolted
and Riveted Joints, Second Edition, John Wiley & Sons, 1987, New Y ork, NY).

10-12 Section 10 STRUCTURAL STEEL
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10.2.6  Cast Stedl, Ductilelron Castings,
Malleable Castingsand Cast Iron

10.2.6.1 Cast Steel and Ductilelron

Cast steel shall conform to specifications for Steel
Castingsfor Highway Bridges, AASHTOM 192 (ASTM
A 486); Mild-to-Medium-Strength Carbon-Steel Cast-
ings for General Application, AASHTO M 103 (ASTM
A 27); and Corrosion-Resistant [ron-Chromium, Iron-
Chromium-Nickel and Nickel-Based Alloy Castings for
General Application, AASHTO M 163 (ASTM A 743).
Ductile iron castings shall conform to ASTM A 536.

10.2.6.2 Malleable Castings

Malleable castings shall conform to specificationsfor
Malleable Iron Castings, ASTM A 47, Grade 35018
(specified minimum yield strength 35,000 psi).

10.2.6.3 Castlron

Cast iron castings shall conform to specifications for
Gray Iron Castings, AASHTO M 105, Class 30.

SectioN 10 STRUCTURAL STEEL 10-13
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Part B
Design Details

10.3 REPETITIVELOADING AND
TOUGHNESSCONSIDERATIONS

10.3.1  Allowable Fatigue Stress Ranges

Members and fasteners subject to repeated variations
or reversals of stress shall be designed so that the maxi-
mum stress does not exceed the basic allowable stresses
givenin Article 10.32 and that the actual range of stress
does not exceed the allowabl e fatigue stress range given
in Table 10.3.1A for the appropriate type and location of
material given in Table 10.3.1B and shown in Figure
10.3.1C. For members with shear connectors provided
throughout their entire length that also satisfy the provi-
sions of Article 10.38.4.3, the range of stress may be
computed using the composite section assuming the
concrete deck to be fully effective for both positive and
negative moment.

For unpainted weathering steel, A709, al grades, the
values of allowable fatigue stress range, Table 10.3.1A,
asmodified by footnoted, arevalid only when thedesign
and details are in accordance with the FHWA Technical
Advisory on Uncoated Weathering Steel in Structures,
dated October 3, 1989.
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TABLE 10.3.1A Allowable Fatigue Stress Range

Redundant Load Path Structures”

Allowable Range of Stress, F, (psi)*

Category
(See Table For For For For over
10.3.1B) 100,000 | 500,000 | 2,000,000 | 2,000,000
Cycles Cycles Cycles Cycles
A 63,000 37,000 24,000 24,000
49,0009 | 29,0009 18,0004 16,0004
B 49,000 29,000 18,000 16,000
B’ 39,000 23,000 14,500 12,000
C 35,500 21,000 13,000 10,000
’ ’ ’ 12,000°
28,000 16,000 10,000 7,000
E 22,000 13,000 8,000 4,500
E’ 16,000 9,200 5,800 2,600
F 15,000 12,000 9,000 8,000

Nonredundant Load Path Structures

Allowable Range of Stress, F_(psi)®

Category
(See Table For For For For over
10.3.1B) 100,000 | 500,000 | 2,000,000 | 2,000,000
Cycles Cycles Cycles Cycles
A 50,000 29,000 24,000 24,000
39,0009 | 23,000¢ | 16,0009 | 16,000
B 39,000 23,000 16,000 16,000
B’ 31,000 18,000 11,000 11,000
C 28,000 16,000 10,000 9,000
’ ’ 12,000° | 11,000°
D 22,000 13,000 8,000 5,000
E° 17,000 10,000 6,000 2,300
E’ 12,000 7,000 4,000 1,300
F 12,000 9,000 7,000 6,000

* Structure types with multi-load paths where asingle fracturein
amember cannot lead to the collapse. For example, a smply sup-
ported single span multi-beam bridge or amulti-element eye bar truss
member has redundant load paths.

a Therangeof stressisdefined asthea gebraic differencebetweenthe
maximum stress and the minimum stress. Tension stressisconsdered to
have the opposite dgebraic Sgn from compression stress.

b For transverse stiffener welds on girder webs or flanges.

¢ Partia length welded cover plates shall not be used on flanges
more than 0.8 inches thick for nonredundant load path structures.

d For unpainted weathering steel, A 709, al grades, whenusedin
conformance with the FHWA Technical Advisory on Uncoated
Weathering Seedl in Sructures, dated October 3, 1989.
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TABLE 10.3.1B

Generd
Condition

Situation

Stress
Kind of
Stress

[llustrative
Category
(See Table
10.3.1A)

Exampl g
(See Figure
10.3.1C)

Plain Member

Basemetal with rolled or cleaned surface. Flame cut
edges with ANSI smoothness of 1,000 or less.

T or Reva

A

1,2

Built-Up
Members

Base metal and weld metal in members of built-up
plates or shapes (without attachments) connected by
continuous full penetration groove weld (with backing
barsremoved) or by continuousfilletweld parallel tothe
direction of applied stress.

Base metal and weld metal in members of built-up
plates or shapes (without attachments) connected by
continuous full penetration groove welds with backing
bars not removed, or by continuous partial penetration
groove welds paraléel to the direction of applied stress.

Calculated flexural stress at the toe of transverse
stiffener welds on girder webs or flanges.

Basemetal at endsof partia lengthwel ded coverplates
with high-strength bolted dlip-critical end connections.
(See Notef.)

Basemetal at endsof partia lengthwel ded coverplates
narrower than theflange having square or tapered ends,
with or without welds across the ends, or wider than
flange with welds across the ends:

(& Flangethickness < 0.8 inches

(b) Flange thickness> 0.8 inches
Basemetal at endsof partia lengthwel ded coverplates
wider than the flange without welds across the ends.

T or Rev

T or Rev

T or Rev

T or Rev

T or Rev
T or Rev
T or Rev

3,4,57

3,4,57

22

~

Groove Welded
Connections

continue next page

Base metal and weld metal in or adjacent to full
penetration groove weld splices of rolled or welded
sectionshaving similar profileswhenweldsareground
flush with grinding in the direction of applied stress
and weld soundness established by nondestructive
inspection.

Base metal and weld meta in or adjacent to full
penetration groove weld splices with 2 foot radius
trangitionsin width, when welds are ground flush with
grinding in the direction of applied stress and weld
soundness established by nondestructive inspection.

Base metal and weld meta in or adjacent to full
penetrationgrooveweld splicesat transitionsinwidth or
thickness, with welds ground to provide dopes no
steeper than 1 to 2/,, with grinding in direction of the
applied stress, and weld soundness established by non-
destructive inspection:

(8 AASHTO M 270 Grades 100/100W
(ASTM A 709) base metal

(b)  Other base metal

T or Rev

T or Rev

T or Rev

T or Rev

B r

B

8, 10

13

11

11

SectioN 10 STRUCTURAL STEEL
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TABLE 10.3.1B (continued)
Stress [ustrative
General Situation Kind of Category | Example
Condition Stress (See Table | (See Figure
10.3.1A) | 10.3.1C)
Groove Welded Base metal and weld metal in or adjacent to full | T or Rev C 8,10, 11
Connections penetration groove weld splices, with or without
(continued) transitions having slopes no greater than 1 to 21/,,
when reinforcement is not removed and weld
soundnessisestablished by nondestructiveinspection.
Groove Welded Base metal adjacent to details attached by full or | T or Rev C 6
Attachments— partial penetration groove welds when the detail
Longitudinally length, L, in the direction of stress, islessthan 2in.
Loaded®
Fillet Welded Base metal at intermittent fillet welds. T or Rev E —
Connections
Shear stress on throat of fillet welds. Shear 9
Fillet Welded Basemetal adjacent to detailsattached by filletwelds | T OF Rev c 18,20
Attachments— with length, L, in the direction of stress, less than 2
Longitudinally inches and stud-type shear connectors.
Loadedb.c.e . ! .
Basemetal adjacent to detail sattached by fillet welds
with length, L, in the direction of stress greater than
12 times the plate thickness or greater than 4 inches:
(@) Detail thickness < 1.0in. TorRev E 7.9
(b) Detail thickness ~ 1.0iin. TorRev E 79
Mechanically Base metal at gross section of high strength bolted | T OF Rev B 21
Fastened . . . . -
Connections dlipresistant connections, except axially loaded joints
which induce out-of-plane bending in connecting
materials.
) ) T or Rev B 21
Base metal at net section of high strength bolted
bearing-type connections.
Base metal at net section of riveted connections TorRev D 21
Eyebar or Pin
Plyates Base metal at the net section of eyebar head, or pin T E 23,24
plate
Base metal in the shank of eyebars, or through the
gross section of pin plates with:
(a) rolled or smoothly ground surfaces T A 23,24
T B 23,24

(b) flame-cut edges

See next page for footnotes
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Footnotes for Table 10.3.1B

a“T" signifiesrangesin tensile stress only, “Rev” signifies arange of stressinvolving both tension and compression during a stress
cycle.

b «|_ongitudinally Loaded" signifiesdirection of applied stressisparallel to thelongitudinal axis of theweld. “ Transversely L oaded”
signifies direction of applied stressis perpendicular to the longitudinal axis of the weld.

¢ Transversely loaded partial penetration groove welds are prohibited.

d Allowablefatigue stress range on throat of fillet weldstransversely loaded isafunction of effective throat and plate thickness. (See
Frank and Fisher, Journal of the Structural Division, ASCE, Vol. 105, No. ST9, September 1979.)

H
tp
39.06+0.79H /t_© S L S
Sr:Srcé 11,(1/6 p: -~ cmm-
p a

where s isequal to the allowable stressrange for Category C given in Table 10.3.1A. This assumes no penetration at the weld root.
€ Gusset plates attached to girder flange surfaces with only transverse fillet welds are prohibited.
f See Wattar, Albrecht and Sahli, Journal of Structural Engineering, ASCE, Vol. 111, No. 6, June 1985, pp. 1235-1249.
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2’ Rad.
———— T
1
13

? 18
Y
=M
C.Qf"”* D /

Squared End, Tapered
/ or Wider than Flange

Net Section
Area
{
i
23
Net Section
Area
- -
{
D
L 4
24

* At End of Weld, Has No Length

C

Note: Illustrative examples 12, 14 — 17 are deleted.

10
.
Z >
n
FIGURE 10.3.1C Illustrative Examples
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TABLE 10.3.2A Stress Cycle
Main (Longitudinal) Load Carrying Members
Type of Road Case ADTT* Truck Loading | Lane Loading” Permit Loading
Freeways, Expressways,
Major Highways, and I 2,500 or more 2,000,000° 500,000 100,000
Streets

Freeways, Expressways,
Major Highways, and I Less than 2,500 500,000 100,000 —
Streets

Other Highways and
Streets not included in 11 — 100,000 100,000 —
Caselor II

Transverse Members and Details Subjected to Wheel Loads

Longitudinal Span
Type of Road Case [ ADTT* | <40 Feet > 40 Feet
Truck Loading | Truck Loading | Lane Loading [ Permit Loading
Freeways, Expressways, 2,500 Over
Major Highways, and Streets ! or more 2,000,000 2,000,000 500,000 100,000
Freeways, Expressways, Less than Over o
Major Highways, and Streets I 2,500 2,000,000 500,000 100,000
Other Highways and Streets | 111 — 2,000,000 100,000 100,000 —

a Average Daily Truck Traffic (one direction).

b |ongitudinal members should also be checked for truck loading.

¢ Members shall also be investigated for “over 2 million” stress cycles produced by placing a single truck on the bridge distributed
to the girders as designated in Article 3.23.2.

SectioN 10 STRUCTURAL STEEL 10-19




&

BRIDGE DESIGN SPecIFICATIONS ® FEBRUARY 2004

a/trans

Main load carrying components subjected to tensile
force that may be considered nonredundant load path
members—that is, where failure of a single element could
cause collapse—shall be designed for the alowable stress
ranges indicated in Table 10.3.1A for Nonredundant Load
Path Structures. Examplesof nonredundant load path mem-
bers are flange and web platesin one or two girder bridges,
main one-element trussmembers, hanger plates, and capsat
single or two-column bents.

See AASHTO “Guide Specifications for Fracture
Critical Non-Redundant Steel Bridge Members.”
10.3.2 Load Cycles

10.3.2.1  Thenumber of cyclesof maximumstress
range to be considered in the design shall be selected
from Table 10.3.2A unless traffic and loadometer sur-
veys or other considerations indicate otherwise.

For new structures and widenings, the number of

+ stress cycles shall be based on Case l.

10.3.2.2  Allowablefatiguestressrangesshall ap-
ply to those Group Loadings that include live load or
wind load.

10.3.2.3  The number of cycles of stressrange to
be considered for wind loads in combination with dead
loads, except for structures where other considerations
indicate a substantially different number of cycles, shall
be 100,000 cycles.

10.3.3  Charpy V-Notch Impact
Requirements
10.3.3.1  Mainloadcarrying member components

subjected to tensile force require supplemental impact
properties.

10.3.3.2  Theseimpact requirementsvary depend-
ing on the type of steel, type of construction, welded or
mechanically fastened, and theaverageminimumservice
temperature to which the structure may be subjected.”**
Table 10.3.3A contains the temperature zone designa-
tions.

The Standard Specifications of the California Depart-

+ ment of Transportation, Section 55, lists the required

minimum impact values for Zone 2.

*kk

The basis and philosophy used to develop these require-
mentsaregiveninapaper entitled“ The Development of AASHTO
Fracture-Toughness requirements for Bridge Steels’” by John M.
Barsom, February 1975, available from the American Iron and
Steel Institute, Washington, DC.

10-20 Section 10 STRUCTURAL STEEL

TABLE 10.3.3A Temperature Zone Designation for
Charpy V-Notch Impact Requirements

Minimum Temperature Zone
Service Temperature Designation
0°F and above 1
—1°F to -30°F 2
=31°F to —60°F 3

10.3.3.3  Components requiring mandatory im-
pact properties shall be designated on the drawings and
the appropriate Charpy V-notch impact values shall be
designated in the contract documents.

10.3.34 M 270 Grades 100/100W steel shall be
supplied to Zone 2 regquirements as a minimum.
10.34  Shear

When longitudinal beam or girder members in

bridges designed for Case 1 roadways are investigated for
“over 2million” stress cycles produced by placing asingle
truck on the bridge (see footnote (c) of Table 10.3.2A), the
total shear forceinthebeam or girder under thissingle-truck
loading shall belimited to 0.58 FyDt,,C. The constant C, the
ratio of the buckling shear stressto the shear yield stressis
defined in Article 10.34.4.2 or Article 10.48.8.1.
10.35 Loading

The fatigue loading shall be at service load and shall
include permit loading. The load combination for permit
loading shall beaPloadwithaf3 =1.15and an associated

HS loading. The load shall be calculated according to
footnote (f) in Table 3.23.1.

104 EFFECTIVE LENGTH OF SPAN

For the calculation of stresses, span lengths shall be
assumed as the distance between centers of bearings or
other points of support.

10.5 DEPTH RATIOS

10.5.1  For noncomposite beams or girders, theratio
of the depth of girder to the length of span preferably
should not be less than 0.04.

+

+
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10.5.2  For composite girders, theratio of the overall
depth of girder (concrete slab plus steel girder) to the
length of span preferably should not belessthan 0.045for
simple spans and 0.04 for continuous spans.

10.5.3  Fortrussestheratio of depth to length of span
preferably should not be less than 0.1.

1054 Deleted

10.5.5  Theforegoing requirements as they relate to

beam or girder bridges may be exceeded at the discretion
of the designer.”

10.6 DEFLECTION

10.6.1  Theterm“deflection” asused hereinshall bethe
deflection computed in accordance with the assumption
madefor |oading when computing the stressin themember.

10.6.2  Members having simple or continuous spans
preferably should be designed so that the ratio of the
deflectiontothelength of the span dueto serviceliveload
plus impact shall not exceed /gqo , €xcept on bridgesin
urban areas used in part by pedestrianswhereon theratio
preferably shall not exceed 1/1000.

10.6.3  The ratio of the deflection to the cantilever
armlength dueto serviceliveload plusimpact preferably
should be limited to /300 except for the case including
pedestrian use, wheretheratio preferably should be/3zs.

10.6.4  Whenspanshavecross-bracingor diaphragms
sufficientindepth or strengthto ensurel ateral distribution
of loads, the deflection may be computed for the standard
H or HS loading considering al beams or stringers as
acting together and having equal deflection.

10.6.5 The moment of inertia of the gross cross-
sectional areashall beused for computing the deflections
of beams and girders. When the beam or girder is a part
of a composite member, the service live load may be
considered as acting upon the composite section.

10.6.6  Thegrossareaof each truss member shall be
used in computing deflections of trusses. If perforated
plates are used, the effective areashall be the net volume
divided by thelength from center to center of perforations.

* For consideration to be taken into account when exceeding
theselimitations, referenceismadeto“ Bulletin No.19, Criteriafor
the Deflection of Steel Bridges,” availablefromthe American Iron
and Steel Institute, Washington, D.C.

10.6.7  Theforegoing requirements as they relate to
beam or girder bridges may be exceeded at the discretion
of the designer.”

10.7 LIMITING LENGTHSOF MEMBERS

10.7.1  For compression members, the slenderness
ratio, KL/r, shall not exceed 120for mainmembers, or those
inwhich the major stressesresult from dead or liveload, or
both; and shall not exceed 140 for secondary members, or
thosewhoseprimary purposeistobracethestructureagainst
lateral or longitudinal force, or to brace or reduce the
unbraced length of other members, main or secondary.

10.7.2  Indetermining theradius of gyration, r, for the
purposeof applyingthelimitationsof theKL/r ratio, thearea
of any portion of amember may be neglected provided that
the strength of the member as calculated without using the
area thus neglected and the strength of the member as
computedfor theentiresectionwiththeKL/r ratioapplicable
thereto, both equal or exceed the computed total force that
the member must sustain.

10.7.3  Theradius of gyration and the effective area
of amember containing perforated cover plates shall be
computed for atransverse section through the maximum
width of perforation. When perforations are staggeredin
opposite cover plates the cross-sectional area of the
member shall be considered the same as for a section
having perforations in the same transverse plane.

10.7.4
follows:

The unbraced length, L, shall be assumed as

For the compression chords of trusses, the length
between panel points laterally supported as indicated
under Article 10.16.12; for other members, the length
between panel point intersections or centers of braced
points or centers of end connections.

10.7.5  For tension members, except rods, eyebars,
cables, and plates, the ratio of unbraced length to
radius of gyration shall not exceed 200 for main
members, shall not exceed 240 for bracing members,
and shall not exceed 140 for main members subject to
areversal of stress.
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10.8 MINIMUM THICKNESSOF METAL

10.8.1  Theplatethicknessof structural steel including
bracing, crossframes, and all types of gusset plates, shall
be not less than /16 inch. The web thickness of rolled
beams or channels shall be not lessthan 0.23 inches. The
thickness of closed ribsin orthotropic decks, fillers, and
in railings, shall be not less than 3/, inch.

10.8.2  Where the metal will be exposed to marked
corrosiveinfluences, it shall beincreased in thickness or
specially protected against corrosion.

10.8.3 It should be noted that there are other
provisions in this section pertaining to thickness for
fillers, segmentsof compression members, gusset plates,
etc. Asstated above, fillersneed not bes/1g inch minimum.

10.8.4  For compressionmembers, refer to“ Trusses”
(Article 10.16).

10.8.5 For flexural members, refer to“ Plate Girders’
(Article 10.34).

10.8.6  For stiffeners and outstanding legs of angles,
etc., refer torelevant Articles 10.10, 10.34, 10.37, 10.48,
10.51 and 10.55.

10.9 EFFECTIVE NET AREA FOR
TENSION MEMBERS

10.9.1  Whenatensionloadistransmitted directly to
each of the cross-sectional elements by fasteners or
welds, the effective net area Ac isequal tothe net area A,.

10.9.2  Whenatensionload istransmitted by boltsor
rivets through some but not all of the cross-sectional
elementsof themember, the effective net area A shall be
calculated as:

Ac= UA (10-1a)

where:

A
U

area as defined below (in.2)

reduction coefficient

1- (¥L) 0.9orasdefinedin (c) and (d)

X = connection eccentricity (in.); for rolled or built-
up shapes, it isreferred to the center of gravity
of the material lying on either side of the

10-22 Section 10 STRUCTURAL STEEL

centerline of symmetry of the cross-section, as
shown in Fig. 10.9.2A
L = length of connectioninthedirectionsof loading

(in.)

Larger values of U are permitted to be used when
justified by tests or other rational criteria.

(8 When the tension load is transmitted only by
bolts or rivets:

A = A, = netareaof member (in.2)

(b)  When the tension load is transmitted only by
longitudinal welds to other than a plate member or by
longitudinal weldsin combinationwithtransversewelds:

A =Ay = grossareaof member (in.2)

(c) When the tension load is transmitted only by
transverse welds:

A = areaof directly connected elements (in.2)
U =10

(d) Whenthetension load is transmitted to a plate

by longitudinal welds along both edges at the end of the
plate for L, > W
A = areaof plate (in.2)
forLy 2W Uu=10
for2W>L, 15W U= 087
for 1.5W>L, W U= 075
where:
Ly = length of weld (in.)
W = plate width (distance between welds) (in.)
10.9.3 Deleted
10.9.4 Deleted
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FIGURE 10.9.2A Determination of x
10.10 OUTSTANDING LEGSOF ANGLES

The widths of outstanding legs of anglesin compres-
sion (except wherereinforced by plates) shall not exceed
the following:

In main members carrying axial compression load, 12
times the thickness.

In bracing and other secondary members, 16 times the
thickness.

For other limitations see Article 10.35.2.
10.11 EXPANSION AND CONTRACTION

In all bridges, provisions shall be made in the design
to resist thermal stresses induced, or means shall be
provided for movement caused by temperature changes.
Provisions shall be made for changes in length of span
resulting from live loads. In spans more than 300 feet
long, allowance shall bemadefor expansion and contrac-
tion in the floor. The expansion end shall be secured
against lateral movement.

10.12 MEMBERS
10.12.1 Flexural Members

Flexura members shall be designed using the elastic
section modulus except when utilizing compact sections
under Strength Design as specified in Articles 10.48.1,
10.50.1.1, and 10.50.2.1. In determining flexural strength,
the gross section shall be used, except that if more than 15
percent of each flange area is removed, that amount re-
moved in excess of 15 percent shall be deducted from the
grossarea. Inno caseshdl thedesigntensilestressonthenet
section exceed 0.50 Fy, when using service load design
method or 1.0 F,, when using strength design method,
where F, equals the specified minimum tensile strength of
thested, except that for M 270 Grades 100/100W steelsthe
designtensile stresson the net section shall not exceed 0.46
Fy, when using the service load design method.

10.12.2 Compression Members

The strength of compression members connected
by high-strength bolts and rivets shall be determined by
the gross section.

10.12.3 Tension Members

The strength of tension members connected by bolts or
rivets shall be determined by the gross section unlessthe
net section areaislessthan 85 percent of thecorresponding
gross area, in which case that amount removed in excess
of 15 percent shall be deducted fromthe grossarea. Inno
case shall the design tensile stress on the net section
exceed 0.50 F, when using service load design method
or 1.0 F, when using strength design method, where F,
equals the specified minimum tensile strength of the
steel, except that for M 270 Grades 100/100W steelsthe
design tensile stress on the net section shall not exceed
0.46 F, when using the service load design method.

10.13 COVERPLATES

10.13.1 Thelengthof any cover plateaddedtoarolled
beam shall be not less than (2d + 36) in. where (d) isthe
depth of the beam (in.).
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10.13.2 Partial lengthwelded cover platesshall not be
used on flanges more than 0.8 inches thick for
nonredundant | oad path structuressubjectedtorepetitive
loadingsthat produce tension or reversal of stressin the
member.

10.13.3 The maximum thickness of a single cover
plate on a flange shall not be greater than 2 times the
thickness of the flange to which the cover plate is
attached. Thetotal thicknessof all cover platesshould
not be greater than 21/, timesthe flange thickness.

10.13.4 Any partial length welded cover plate shall
extend beyondthetheoretical end by theterminal distance,
and it shall extend to a section where the stressrangein
the beam flange is equal to the allowabl e fatigue stress
range for base metal adjacent to or connected by fillet
welds. Thetheoretical end of thecover plate, whenusing
serviceload design methods, isthe section at which the
stress in the flange without that cover plate equals the
allowable service load stress, exclusive of fatigue
considerations. Whenusing strength design methods, the
theoretical end of the cover plateisthe section at which
the flange strength without that cover plate equals the
required strengthfor thedesignloads, exclusiveof fatigue
requirements. The terminal distance is two times the
nominal cover plate width for cover plates not welded
across their ends, and 11/, timesfor cover plateswelded
across their ends. The width at ends of tapered cover
platesshall benotlessthat 3inches. Theweld connecting
thecover platetotheflangeinitsterminal distance shall
be continuous and of sufficient size to develop atotal
force of not less than the computed force in the cover
plate at its theoretical end. All welds connecting cover
platesto beam flanges shall be continuous and shall not
be smaller than the minimum size permitted by Article
10.23.2.2.

10.13.5 Any partial lengthend-bolted cover plateshall
extend beyondthetheoretical end by theterminal distance
equal to the length of the end-bolted portion, and the
cover plateshall extendtoasectionwherethestressrange
inthebeamflangeisequal totheallowablefatigue stress
range for base metal at ends of partial length welded
cover plates with high-strength bolted, slip-critical end
connections (Table 10.3.1B). Beams with end-bolted
cover platesshall befabricatedinthefollowing sequence:
drill holes; cleanfaying surfaces; install bolts; weld. The
theoretical end of theend-bolted cover plateisdetermined
in the same manner as that of a welded cover plate, as
specified in Article 10.3.4. The boltsin the slip-critical
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connectionsof thecover plateendstotheflange, shall be
of sufficient numbersto develop atotal force of not less
thanthecomputedforceinthecover plateat thetheoretical
end. The slip resistance of the end-bolted connection
shall bedeterminedinaccordancewithArticle10.32.3.2
for service load design, and 10.56.1.4 for load factor
design. The longitudinal welds connecting the cover
plate to the beam flange shall be continuous and stop a
distance equal to one bolt spacing beforethefirst row of
boltsinthe end-bolted portion.

10.14 CAMBER

Girder should be cambered to compensate for dead
load deflections and vertical curvature required by pro-
file grade.

1015 HEAT-CURVEDROLLEDBEAMS
ANDWELDEDPLATE GIRDERS

10.15.1 Scope

This section pertains to rolled beans and welded |-
section plate girders heat-curved to obtain a horizontal
curvature. Steels that are manufactured to a specified
minimum yield strength greater than 50,000 psi, except
for Grade HPS 70W Steel, shall not be heat-curved.

10.15.2 Minimum Radiusof Curvature

10.15.2.1 For heat-curved beams and girders, the
horizontal radiusof curvaturemeasuredtothecenterline
of thegirder web shall not belessthan 150 feet and shall
not belessthanthelarger of thevaluescal culated (at any
andall crosssectionsthroughout thelength of thegirder)
from the following two equations:

n - 440bD
- 10-1) +
JEY L, (10-1)
= = 7:500,000b
Fy (10-2)

where:

Fy = specifiedminimumyieldstrengthof theweb (psi) +
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y =ratio of the total cross-sectional area to the
cross-sectional area of both flanges

b = widest flange width (in.)

D = clear distance between flanges (in.)

tw = web thickness (in.)
R = horizontal radius of curvature (in.)

10.15.2.2 In addition to the above requirements,
theradiusshall not belessthan 1,000 feet whentheflange
thicknessexceeds 3inchesor theflangewidth exceeds 30
inches.

10.15.3 Camber

To compensate for possible loss of camber of heat-
curvedgirdersinserviceasresidual stressesdissipate, the
amount of camber, A (in.) at any section along thelength
L of the girder shall be equal to:

— Ap,

A (Ay +Ay)

(10-3)

M

R

2
_0.02I'F, (1,000—R S0
EY, 850

where:

Ap. = camber at any point along the length L calcu-
lated by usual procedures to compensate for
deflection due to dead loads or any other
specified loads (in.)

Ay = maximumvaueof Ay withinthelength L (in.)

E modulus of elasticity of steel (psi)

Fy specified minimum yield strength of girder
flange (psi)

Y, = distance from the neutral axis to the extreme
outer fiber (in.) (maximum distance for non-
symmetrical sections)

R = radiusof curvature (ft.)

L = spanlengthfor simple spansor for continuous
spans, the distance between a simple end sup-
port and the dead load contraflexure point, or
the distance between points of dead load
contraflexure (in.)

Camber loss between dead load contraflexure points
adjacent to piersis small and may be neglected.

Note: Part of the camber lossisattributable to construc-
tion loads and will occur during construction of
thebridge; total camber losswill be complete after
several months of in-service loads. Therefore, a
portion of the camber increase (approximately 50
percent) should be included in the bridge profile.
Camber lossesof thisnature (but generally smaller
in magnitude) are also known to occur in straight
beams and girders.

10.16 TRUSSES
10.16.1 General

10.16.1.1 Component parts of individua truss
members may be connected by welds, rivets, or high-
strength bolts.

10.16.1.2 Preference should be given to trusses
with single intersection web systems. Members shall be
symmetrical about the central plane of the truss.

10.16.1.3 Trusses preferably shall have inclined
end posts. Laterally unsupported hip joints shall be
avoided.

10.16.1.4 Maintrussesshall be spaced asufficient
distance apart, center to center, to be secure against
overturning by the design lateral forces.

10.16.1.5 For the calculation of forces, effective
depths shall be assumed as follows:

Riveted and bolted trusses, distance between centers
of gravity of the chords.

Pin-connected trusses, distance between centers of
chord pins

10.16.2 TrussMembers

10.16.2.1 Chord and webtrussmembersshall usu-
ally be made in the following shapes:

“H” sections, made with two side segments (com-
posed of angles or plates) with solid web, perforated
web, or web of stay plates and lacing.
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Channel sections, made with two angle segments,
with solid web, perforated web, or web of stay plates
and lacing.

Single Box sections, made with side channels, beams,
angles, and plates or side segments of plates only,
connected top and bottom with perforated plates or
stay plates and lacing.

Single Box sections, made with side channels, beams,
angles and plates only, connected at top with solid
cover plates and at the bottom with perforated plates
or stay plates and lacing.

Double Box sections, made with side channels, beams,
angles and plates or side segments of plates only,
connected with a conventional solid web, together
with top and bottom perforated cover plates or stay
plates and lacing.

10.16.2.2 If the shape of the truss permits, com-
pression chords shall be continuous.

10.16.2.3  Inchordscomposed of anglesin channel
shaped members, the vertical legs of the angles prefer-
ably shall extend downward.

10.16.2.4  If web members are subject to reversal
of stress, their end connections shall not be pinned.
Counters preferably shall be rigid. Adjustable counters,
if used, shall have open turnbuckles, and in the design of
these members an allowance of 10,000 psi shall be
madefor initial stress. Only one set of diagonalsin any
panel shall be adjustable. Sleeve nuts and loop bars
shall not be used.

10.16.3 Secondary Stresses

The design and details shall be such that secondary
stresses will be as small as practicable. Secondary
stresses due to truss distortion or floor beam deflection
usually need not be considered in any member, thewidth
of which, measured parallel to the plane of distortion, is
less than one-tenth of its length. If the secondary stress
exceeds 4,000 psi for tension membersand 3,000 psi for
compression members, the excess shall be treated as a
primary stress. Stresses due to the flexural dead load
moment of the member shall be considered as additional
secondary stress.
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10.16.4 Diaphragms

10.16.4.1 Thereshall bediaphragmsin thetrusses
at the end connections of floor beams.

10.16.4.2 The gusset plates engaging the pedestal
pin at the end of the truss shall be connected by a
diaphragm. Similarly, the webs of the pedestal shall, if
practicable, be connected by a diaphragm.

10.16.4.3 There shall be a diaphragm between
gusset plates engaging main membersif the end tie plate
is 4 feet or more from the point of intersection of the
members.

10.16.5 Camber

Thelength of the truss members shall be such that the
camber will be equal to or greater than the deflection
produced by the dead load.

10.16.6 Working Linesand Gravity Axes

10.16.6.1 Main membersshall be proportioned so
that their gravity axes will be as nearly as practicable in
the center of the section.

10.16.6.2  Incompression membersof unsymmetri-
cal section, such as chord sections formed of side seg-
ments and a cover plate, the gravity axis of the section
shall coincide as nearly as practicable with the working
line, except that eccentricity may beintroduced to coun-
teract dead load bending. In two-angle bottom chord or
diagonal members, the working line may be taken asthe
gage line nearest the back of the angle or at the center of
gravity for welded trusses.

10.16.7 Portal and Sway Bracing

10.16.7.1 Through truss spans shall have portal
bracing, preferably, of thetwo-plane or box type, rigidly
connected to the end post and the top chord flanges, and
asdeep astheclearancewill allow. If asingle planeportal
is used, it shall be located, preferably, in the central
transverse plane of the end posts, with diaphragms be-
tween the webs of the poststo provide for a distribution
of theportal stresses. Theportal bracing shall bedesigned
to take the full end reaction of the top chord latera
system, and theend postsshall bedesignedtotransfer this
reaction to the truss bearings.
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10.16.7.2 Through truss spans shall have sway
bracing 5 feet or more deep at each intermediate panel
point. Top lateral strutsshall be at least asdeep asthetop
chord.

10.16.7.3 Deck truss spans shall have sway brac-
ing in the plane of the end posts and at all intermediate
panel points. This bracing shall extend the full depth of
thetrusses below thefloor system. Theend sway bracing
shall be proportionedto carry theentire upper lateral |oad
to the supports through the end posts of the truss.

10.16.8 Perforated Cover Plates

When perforated cover plates are used, the following
provisions shall govern their design.

10.16.8.1 Theratioof length, indirection of stress,
to width of perforation, shall not exceed two.

10.16.8.2 Theclear distance between perforations
inthedirection of stressshall not belessthanthedistance
between points of support.

10.16.8.3 Theclear distance between the end per-
foration and the end of the cover plate shall not be less
than 1.25 times the distance between points of support.

10.16.8.4 The point of support shall be the inner
line of fastenersor fillet welds connecting the perforated
plate to the flanges. For plates butt welded to the flange
edge of rolled segments, the point of support may be
taken as the weld whenever the ratio of the outstanding
flange width to flange thickness of therolled segment is
less than seven. Otherwise, the point of support shall be
the root of the flange of the rolled segment.

10.16.8.5 The periphery of the perforation at all
points shall have a minimum radius of 11/, inches.

10.16.8.6 For thickness of metal, see Article
10.35.2.

10.16.9 Stay Plates

10.16.9.1 Where the open sides of compression
members are not connected by perforated plates, such
members shall be provided with lacing bars and shall
have stay plates as near each end as practicable. Stay
plates shall be provided at intermediate points where the
lacing isinterrupted. In main members, the length of the

end stay plates between end fasteners shall be not less
than 11/, timesthe distance between points of support and
the length of intermediate stay plates not less than 3/, of
that distance. In lateral struts and other secondary mem-
bers, the overall length of end and intermediate stay
plates shall be not less than 3/, of the distance between
points of support.

10.16.9.2 The point of support shall be the inner
line of fastenersor fillet welds connecting the stay plates
totheflanges. For stay platesbutt welded to theflange edge
of rolled segment, the point of support may be taken asthe
weld whenever the ratio of outstanding flange width to
flange thickness or the rolled segment is less than seven.
Otherwise, the point of support shall betheroot of flange of
rolled segment. When stay plates are butt welded to rolled
segments of amember, the alowable stressin the member
shall bedeterminedinaccordancewith Article 10.3. Termi-
nations of butt welds shall be ground smooth.

10.16.9.3 The separate segments of tension mem-
berscomposed of shapesmay be connected by perforated
platesor by stay platesor end stay platesand lacing. End
stay plates shall have the same minimum length as
specified for end stay plates on main compression mem-
bers, and intermediate stay plates shall have a mini-
mum length of 3/, of that specified for intermediate stay
plateson main compression members. Theclear distance
between stay plates on tension members shall not exceed
3 feet.

10.16.9.4 Thethickness of stay plates shall be not
lessthan 1/5; of the distance between points of support for
main members, and /gy of that distance for bracing
members. Stay plates shall be connected by not lessthan
three fasteners on each side, and in members having
lacing bars the last fastener in the stay plates preferably
shall also pass through the end of the adjacent bar.

10.16.10 LacingBars

When lacing bars are used, the following provisions
shall govern their design.

10.16.10.1 Lacing bars of compression members
shall be so spaced that the slendernessratio of the portion
of theflangeincluded between thelacing bar connections
will be not more than 40 or more than 2/3 of the slender-
ness ratio of the member.
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10.16.10.2 The section of the lacing bars shall be
determined by the formula for axial compression in
which L istaken asthe distance along the bar between its
connections to the main segments for single lacing, and
as 70 percent of that distance for double lacing.

10.16.10.3 If the distance across the member be-
tween fastener linesin theflangesismore than 15 inches
and abar with asinglefastener in the connection isused,
the lacing shall be double and fastened at the intersec-
tions.

10.16.10.4 The angle between the lacing bars and
theaxisof themember shall be approximately 45 degrees
for double lacing and 60 degrees for single lacing.

10.16.10.5 Lacing barsmay be shapesor flat bars.
For main members, the minimum thickness of flat bars
shall be /4 of the distance along the bar between its
connections for single lacing and /g, for double lacing.
For bracing members, the limits shall be /5, for single
lacing and /75 for double lacing.

10.16.10.6 The diameter of fastenersin lacing bars
shall not exceed one-third the width of the bar. There
shall be at least two fasteners in each end of lacing bars
connected to flanges more than 5 inches in width.

10.16.11 Gusset Plates

10.16.11.1 Gusset or connection plates preferably
shall be used for connecting main members, except when
the members are pin-connected. The fasteners connect-
ing each member shall besymmetrical withtheaxisof the
member, so far as practicable, and the full development
of the elements of the member shall be given consider-
ation. The gusset plates shall be designed to resist shear,
axial force, and bending moments acting on the weakest
or critical section.

10.16.11.2 Re-entrant cuts, except curves made for
appearance, shall be avoided as far as practicable.

10.16.11.3 If the length of unsupported edge of a
gusset plate exceeds the value of the expression

1 1,000/\/Fy times its thickness, the edge shall be stiff-
ened.
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10.16.11.4 | isted below arethe vaues of the expres-
sion 11,000/ .,/F, for thefollowing grades of stes:

Fy (psi) 11,000/ [F,
36,000 58
50,000 49
70,000 42
90,000 37
100,000 35

10.16.12 Half-Through Truss Spans

10.16.12.1 Thevertical trussmembersand thefloor
beams and their connections in half-through truss spans
shall be proportioned to resist alateral force of not less
than 300 pounds per linear foot applied at the top chord
panel points of each truss.

10.16.12.2 The compression chord shall be de-
signed as a compression member with elastic lateral
supportsat the panel points. Thestrength of the compres-
sion chord, so determined, shall exceed the maximum
force from dead load, live load, and impact in any panel
of the compression chord by not less than 50 percent.”

10.16.13 Fastener Pitch in Ends of
Compression Members

In the ends of compression members, the pitch of
fasteners connecting the component parts of the member
shall not exceed four timesthediameter of thefastener for
alength equal to 1%/, times the maximum width of the
member. Beyond this point, the pitch shall be increased
gradually for alength equal to 11/, times the maximum
width of themember until the maximum pitchisreached.

10.16.14 Net Section of Riveted or High-
Strength Bolted Tension Members

10.16.14.1 The net section of a riveted or high-
strength bolted tension member is the sum of the net
sections of its component parts. The net section of apart
isthe product of thethicknessof the part multiplied by its
least net width.

* For adiscussion of columnswith elasticlateral supports, refer
to Timoshenko & Gere, “Theory of Elastic Stability,” McGraw-
Hill Book Co., Second Edition, P.70.
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10.16.14.2 The net width for any chain of holes
extending progressively acrossthe part shall be obtained
by deducting from the gross width the sum of the diam-
etersof all theholesinthechainand adding, for each gage
space in the chain, the quantity:

” (10-4)

where:

s = pitch of any two successive holes in the chain

(in.)

g = gage of the same holes (in.)

The net section of the part is obtained from the chain
that gives the least net width.

10.16.14.3 For angles, the gross width shall be the
sum of thewidths of thelegslessthethickness. The gage
for holesin opposite legs shall be the sum of gagesfrom
back of angle less the thickness.

10.16.14.4 Atasplice, thetotal forceinthe member
being spliced is transferred by fasteners to the splice
material.

10.16.14.5 Whendeterminingthestressonany |least
net width of either splice material or member being
spliced, theamount of theforce previously transferred by
fasteners adjacent to the section being investigated shall
beconsideredin determining the stressonthenet section.

10.16.14.6 The diameter of the hole shall be taken
as Y/g inch greater than the nominal diameter of therivet
or high-strength bolt, unlesslarger holesare permittedin
accordance with Article 10.24.

10.17 BENTSAND TOWERS

10.17.1 General

Bents preferably shall be composed of two supporting
columns, and the bents usually shall be united in pairsto

formtowers. Thedesign of membersfor bentsandtowers
isgoverned by applicable articles.

10.17.2 SingleBents

Single bents shall have hinged ends or else shall be
designed to resist bending.

10.17.3 Batter

Bentspreferably shall have asufficient spread at the base
to prevent uplift under the design lateral loadings. In
general, thewidth of abent at itsbase shall benot lessthan
one-third of its height.

10.17.4 Bracing

10.17.4.1 Towers shall be braced, both transversely
and longitudinally, with stiff members having either
welded, high-strength bolted or riveted connections. The
sections of members of longitudinal bracing in each
panel shall not be less than those of the members in
corresponding panels of the transverse bracing.

10.17.4.2 The bracing of long columns shall be
designed to fix the column about both axes at or near the
same point.

10.17.4.3 Horizontal diagonal bracing shall be
placedinall towershaving morethantwo vertical panels,
at alternate intermediate panel points.

10.17.5 Bottom Struts

The bottom struts of towers shall be strong enough to
slide the movabl e shoes with the structure unl oaded, the
coefficient of friction being assumed at 0.25. Provision
for expansion of the tower bracing shall be made in the
column bearings.

10.18 SPLICES
10.18.1 General
10.18.1.1 Design Strength

Splicesmay be made by rivets, by high-strength bolts,
or by the use of welding. In general, splices whether in
tension, compression, bending, or shear, shall be de-
signed in the cases of the service load design or the
strength design methods for a capacity based on not less
than 100 percent of the allowable design strength in the
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member taking into account the bolt holes. Bolted and
riveted splices in flexural members shall satisfy the
requirementsof Article10.18.2. Boltedandriveted splices
incompression membersshall satisfy therequirementsof
Article 10.18.3. Bolted and riveted splices in tension
membersshall satisfy therequirementsof Article10.18.4.
Bolted and riveted splicesin tension members shall aso
satisfy therequirementsof Article10.19.4. Welded splices
shall satisfy the requirements of Article 10.18.5. Where
a section changes at a splice, the small section is to be
used to satisfy the above splice requirements.

10.18.1.2  Fillers

10.18.1.2.1 For fillers 1/4 inch and thicker in bolted or
riveted axially loaded connections, including girder flange
splices, additional fasteners shall be required to distribute
the total stress in the member uniformly over the combined
section of the member and the filler. The filler shall either be
extended beyond the splice material and secured by addi-
tional fasteners, or as an alternate to extending the filler, an
equivalent number of fasteners may be included in the
connection. Fillers 1/4 inch and thicker need not be extended
and developed provided that the design shear strength of the
fasteners, specified in Article 10.56.1.3.2 in the case of the
strength design method and in the Tables 10.32.3A and
10.32.3B in the case of the service load design method, is
reduced by the following factor R:

R=[(1+7)/(1+29)] (10-44)

where y=As /Ay
Af =
Ap =

sum of the area of the fillers on the top and
bottom of the connected plate (in.2)
smaller of either the connected plate area or
the sum of the splice plateareasonthetop and
bottom of the connected plate (in.2)

Thedesign slip force, specifiedin Article 10.56.1.3.2
in the case of the strength design method and in Article
10.32.3.2.1inthe case of the serviceload design method,
for dlip-critical connections shall not be adjusted for the
effect of thefillers. Fillers 1/4 inch or morein thickness
shall consist of not more than two plates, unless special
permission is given by the Engineer.

10.18.1.2.2 For bolted web splices with thickness
differences of 1/16 inch or less, no filler plates are
required.
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10.18.1.2.3Fillersfor welded splicesshall conformtothe
requirements of the AISI/AASHTO/AWS D1.5 Bridge
Welding Code.

10.18.1.3 Design Force for Flange Splice Plates

For aflange splice with inner and outer splice plates,
the flange design force may be assumed to be divided
equally totheinner and outer platesand their connections
when the areas of the inner and outer plates do not differ
by more than 10 percent. When the areas of theinner and
outer plates differ by more than 10 percent, the design
force in each splice plate and its connection shall be
determined by multiplying the flange design force by the
ratio of the area of the splice plate under consideration to
thetotal areaof theinner and outer splice plates. For this
case, theshear strength of the connection shall bechecked
for the maximum cal culated splice plate force acting on
asingle shear plane. Thedlip resistance of high-strength
bolted connections for a flange splice with inner and
outer splice plates shall always be checked for the flange
design force divided equally to the two slip planes.

10.18.1.4 Truss Chords and Columns

Splicesintrusschordsand columnsshall belocated as
near to the panel points as practicable and usually on the
side where smaller stress occurs. The arrangement of
plates, angles, or other splice elementsshall besuch asto
make proper provision for the stresses, both axial and
bending, in the component parts of the member spliced.

10.18.2 Flexural Member
10.18.2.1 General

10.18.2.1.1 Splices shall preferably be made at or near
points of dead load contraflexure in continuous spans and
at points of the section change.

10.18.2.1.2 Inboth flange and web splices, there shall
benot |essthan two rows of boltson each side of thejoint.

10.18.2.1.3 Oversizeor slotted holesshall not beused
in either the member or the splice plates at the bolted
splices.

10.18.2.1.4 In both flange and web splices, high-
strength bolted connections shall be proportioned to
prevent slip during erection of the steel and during the
casting or placing of the deck.

+
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10.18.2.1.5 Deleted

10.18.2.1.6 Flangeandwebsplicesinareasof sressreversd
shall be checked for both positive and negative flexure.

10.18.2.1.7 Riveted and bolted flange angle splices
shall include two angles, one on each side of the flexural
member.

10.18.2.2 Flange Splices
10.18.2.2.1 For checkingthestrength of flangesplices,
an effective area, A, shall be used for the flanges and for

the individual splice plates as follows:

For flanges and their splice plates subject to
tension:
A= Wit + BAg <A (10-4b)

where:

=
I

least net width of the flange or splice plate
computed as specified in Article10.16.14 (in.)
t = flange or splice plate thickness (in.)
Ay = gross area of the flange or splice plate (in.2)
B = 0.0for M 270 Grade 100/100W steels, or when
holes exceed 1 1/4 inch in diameter

= 0.15for all other steels and when holes are less

than or equal to 1 1/4 inch in diameter

The diameter of the holes shall be taken as specified
in Article 10.16.14.6.

For the flanges and their splice plates subject to
compression:
Ae= Ay (10-4c)
10.18.2.2.2 In the case of the strength design method,
the splice plates shall be proportioned for adesign force,
P, equal to adesign stress, F_ , times the smaller effec-
tivearea, A,, on either side of the splice. F isdefined as
follows:
Fou=a Fy (10-4d)
where:
o =1.0 except that alower value equal to (My/My)

may be used for flanges in compression at sec-
tions where My, is less than My

M, =design bending strength of the section in posi-
tive or negative flexure at the point of splice,
whichever causes the maximum compressive
stress due to the factored loads at the mid-thick-
ness of the flange under consideration (1b-in.)

My =moment capacity ét first yield for the section at
the point of splice used to compute M, (Ib-in.).
For composite sections, My shall be calcul ated
in accordance with Article10.50(c). For hybrid
sections, My shall be computed in accordance
with Article 10.53.

Fy = specified minimum yield strength of the flange
(psi)

In calculating M, and My, holes in the flange subject
to tension shall be accounted for as specified in Article
10.12. For aflange splice with inner and outer splice
plates, the flange design forces shall be proportioned to
the inner and outer plates and their connections as
specified in Article 10.18.1.3. The effective area, A, of
each splice plate shall be sufficient to prevent yielding
of the splice plate under its calculated portion of the
design force. As a minimum, the connections for both
the top and bottom flange splices shall be proportioned
to develop the design force in the flange through shear
in the bolts and bearing at the bolt holes, as specified
in Article 10.56.1.3.2. Wherefiller plates are required,
the requirements of Article 10.18.1.2.1 shall also be
satisfied.

As a minimum, high-strength bolted connection for
both top and bottom flange splices shall be proportioned
toprevent slip at an overload design force, P, defined as
follows:

Pro=fo /RCIA (10-4e)

where:

fo =maximum flexural stressdueto Group | loading
divided by 1.3 at themid-thicknessof theflange
under consideration for the smaller section at
the point of splice (psi)

R = reduction factor for hybrid girders specified in
Article 10.53.1.2. R shall be taken equal to 1.0
when f, is less than or equal to the specified
minimum yield strength of the web, Fy,. For
homogeneous girders, R shall always be taken
equal to 1.0
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Ag = smaller gross flange area on either side of the
splice (in.2)

f, and Rshall be computed using the gross section of the
member. The dlip resistance of the connection shall be
computed from Equation (10-172).

10.18.2.2.3 In the case of the service load design
method, the splice plates shall be proportioned for a
designforce, P equal to theallowableflexural stressfor
the flange under consideration at the point of splice, F,,
times the smaller effective area, A,, on either side of the

splice.

For aflange splice with inner and outer splice plates,
theflangedesignforcesshall be proportioned to theinner
and outer plates and their connections as specified in
Article 10.18.1.3. The effective area, A, of each splice
plate shall be sufficient to ensure that the stress in the
splice plate does not exceed the allowable flexural stress
under its calculated portion of the design force. As a
minimum, the connections for both the top and bottom
flange splicesshall be proportioned to devel op thedesign
forcein the flange through shear in the bolts and bearing
at the bolt holes, as specified in Table 10.3.23B. Where
filler plates are required, the requirements of Article
10.18.1.2.1 shall also be setisfied.

As a minimum, high-strength bolted connection for
both top and bottom flange splices shall be proportioned
to prevent slip at aforce equal to the flange design stress
timesthe smaller value of the gross flange area on either
side of the splice. The slip resistance of the connection
shall be determined as specified in Article 10.32.3.2.1.

10.18.2.2.4 (Deleted)

10.18.2.3 Web Splices

10.18.2.3.1 In general, web splice plates and their
connections shall be proportioned for shear, a moment
dueto eccentricity of the shear at the point of splice, and
a portion of the flexural moment that is assumed to be
resisted by the web at the point of splice. Webs shall be
spliced symmetrically by plates on each side. The web
splice plates shall extend as near as practical for the full
depth between flanges.
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10.18.2.3.2 Inthecaseof thestrength design method,
web splice plates and their connections shall be propor-
tioned for adesign shear, V, , equal to the shear capacity
of the smaller web at the point of splice, V.

10.18.2.3.3 Inthe case of the strength design method,
web splice plates and their connections shall be propor-
tioned for adesign moment, M,, dueto the eccentricity of
the design shear at the point of splice defined asfollows:

Mw=Vuwe (10-4f)

where:

V= design shear in the web at the point of splice
defined in Article 10.18.2.3.2 (Ib.)

e =distance from the centerline of the splice to the
centroid of theconnectiononthesideof thejoint
under consideration (in.)

10.18.2.3.4 Inthe case of the strength design method,
web splice plates and their connections shall be propor-
tioned for a design moment, M, , representing the por-
tion of theflexural moment that isassumed to beresisted
by the web. M, shall be applied at the mid-depth of the
web. For sections where the neutral axisisnot located at
mid-depth of theweb, ahorizontal design force resultant
intheweb at the point of splice, H,,, , shall also be applied
at the mid-depth of the web. M, and H,, may be
computed as follows:

For non-compact sections:

2

t,D
M,, = 12 (RFCF +F){/) (10-49)
t,D
H,, ==>(F,~RF,)  (@0-4h)
For compact sections:
wu 4 c
ku = 2twyowa (10-41)
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where:

Fc =design flexural strength specified in Articles
10.50.1.2and 10.50.2.2 for composite sections,
or determined by M /SRy, whereM, isdefined
as in Articles 10.48.2, 10.48.3, 10.48.4 for
noncomposite sections(psi)

Fyt = specified minimum yield strength of theflange
(psi)

Fyw =specifiedminimumyieldstrength of theweb (psi)

Yo = distance form the mid-depth of the web to the
plastic neutral axis (in.)

D = clear unsupporteddistancebetweenflangecom-
ponents (in.)

tw = web thickness (in.)

10.18.2.3.5 Inthecaseof the strength design method,
web splice plates and their connections shall be propor-
tioned for the most critical combination of V,,, M, M,
andH,,,. Theconnectionsshall beproportioned aseccentri-
cally loaded connectionstoresist theresultant designforce
through shear in the bolts and bearing at the bolt holes, as
specifiedinArticle 10.56.1.3.2. Inaddition, asaminimum,
high-strength bolted connections for web splices shall be
proportionedaseccentrically |oaded connectionstoprevent
slip under the most critical combination of: 1) an overload
design shear, V,,, 2) an overload design moment, M, due
to the eccentricity of the overload design shear, 3) an
overload design moment, M, ., applied at mid-depth of the
web representing the portion of theflexural moment thatis
assumed to beresisted by theweb, and 4) for sectionswhere
the neutral axisis not located at mid-depth of the web, an
overload horizontal designforceH,, appliedat mid-depth
of the web, as follows:

Vio = Vo (10-4K)

Myo = Vi€ (10-41)
where:

Vo, = maximum shear in the web due to Group |
loading divided by 1.3 atthepoint of splice(Ib.)

Mo and Hy, may be determined as follows:

_LD% .
Mwo - 12 1:o fof | (10'4m)
t,D
Hwo :WT( fo + fcf) (10-4n)

where:

maximum flexural stressdueto Group| loading
divided by 1.3 atthemid-thicknessof theflange
under consideration for smaller section at the
point of splice(positivefortension; negativefor
compression) (psi)

for = flexural stressdueto Group| loadingdivided by
1.3 at the mid-thickness of the other flange at
the point of splice concurrent with f, in the
flange under consideration (positive for ten-
sion; negative for compression) (psi)

fo andfy shall be computed using thegrosssection of the
member. The maximum resultant force on the eccentri-
cally loaded connection shall not exceed the slip resis-
tance computed from Equation (10-172) with N, taken
equal to 1.0.

10.18.2.3.6 In the case of the service load design
method, web splice platesand their connectionsshall be
proportioned for a design shear stressin the web at the
point of splice, F,, equal to the allowable shear stressin
the web at the point of splice, F,.

10.18.2.3.7 Inthe case of the service load design
method, web splice plates and their connections shall
be proportioned for a design moment, M, dueto the
eccentricity of the design shear at the point of splice
defined asfollows:

My = F.Dtwe (10-40)

where:

Fw =design shear stress in the web at the point of
splicedefinedin Article 10.18.2.3.6 (psi)

D = web depth (in.)

tw =web thickness (in.)

10.18.2.3.8 In the case of the service design method,
web splice plates and their connections shall be propor-
tioned for adesign moment, M, representing the portion of
the flexural moment that is assumed to be resisted by the
web. M, shall be applied at the mid-depth of the web. For
sectionswheretheneutral axisisnotlocated at mid-depth of
theweb, ahorizontal designforceresultantintheweb at the
point of splice, H,, shall also beapplied at the mid-depth of
theweb. M,, and H,, may be computed as follows:

D2
M, = b (RFbc + Fm) (10-4p)
12
Section 10 StrRucTURAL STEEL 10-33

+ + + +

+ + + +



+ + + +

&

BRIDGE DESIGN SPecIFICATIONS ® FEBRUARY 2004

a/trans

t,D
H, = 7(th } RFbc) (10-49)
where:
F,. = adlowable compression flange stress speci-
fied in Table 10.32.1A (psi)
F. = alowable tension flange stress specified in

Table 10.32.1A (psi)

10.18.2.3.9 In the case of the service load design
method, web splice plates and their connections shall be
proportioned for themost critical combinationof F Dt ,
M,, M,,, and H, . The connections shall be proportioned
aseccentrically |oaded connectionsto resist the resul tant
design force through shear in the bolts and bearing at the
bolt holes, as specifiedin Table 10.32.3B. In addition, as
a minimum, high-strength bolted connections for web
splices shall be proportioned as eccentrically loaded
connections to prevent slip under the most critical com-
bination of F Dt , M, M, ,andH .M, , and H  shal be
computed using the gross section of the member. The

maximum resultant force on the eccentrically loaded
connection shall not exceed the slip resi stance computed
from Table 10.32.3.2.1 with N, taken equal to 1.0.

10.18.3 Compression Members

Compression members such as columns and chords
shall haveendsinclosecontact at riveted and bolted splices.
Splices of such members which will be fabricated and
erected with closeinspection and detailed with milled ends
infull contact bearing at the splicesmay be held in place by
means of splice plates and rivets or high-strength bolts
proportioned for not less than 50 percent of the lower
allowable design strength of sections spliced. The strength
of compression members connected by high-strength bolts
or rivets shall be determined using the gross section.

10.184 Tension Members
The tension strength of splice components shall be

based on Article 10.12.3. For calculating the net section,
the provisions of Articles 10.9 and 10.16.14 shall apply.

= %) <
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FIGURE 10.18.5A
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As a minimum, in the case of the strength design
method, high-strength bolted connections for splicesin
tension members shall be proportioned to prevent slip at
an overload design force, P,, equal to the maximum
tensile stress in the member due to Group | loading
divided by 1.3 times the gross section of member. The
dlip resistance shall be computed from Equation (10-
172). Inthe case of the serviceload design method, high-
strength bolted connections shall be proportioned to
prevent slip at a force equal to the alowable design
strength specified in Article 10.18.1.1 times the gross
areaof themember. The dlip resistance of the connection
shall be determined as specified in Article 10.32.3.2.1.

10.18.5 Welding Splices

10.185.1  Tensionand compression membersmay
be spliced by means of full penetration butt welds,
preferably without the use of splice plates.

10.18.5.2 Splices shall not be welded in field.

10.18.5.3  Material of different widths spliced by
butt welds shall have transitions conforming to Figure
10.18.5A.. At butt weld splicesjoining material of differ-
ent thicknessesthereshall beauniform slopebetweenthe
offset surfaces of not morethan 1 in 2 1/, with respect to
the surface of either part.

10.19 CONNECTIONS

10.19.1 General

10.19.1.1 Except as otherwise provided herein, con-
nectionsfor main membersshall bedesignedinthe cases
of the service load design and the strength design meth-
ods for a capacity based on not less than 100 percent of
the allowable design strength in the member.

10.19.1.2 Connections shall be made symmetrical
about the axis of the members insofar as practicable.
Connections, except for lacing bars and handrails, shall
contain not less than two fasteners or equivalent weld.

10.19.1.3Members, including bracing, preferably shall
be so connected that their gravity axeswill intersectin a
point. Eccentric connections shall be avoided, if practi-
cable, but if unavoidablethe membersshall be so propor-
tioned that the combined forces will not exceed the
allowable design strength.

10.19.1.4 In the case of connections which transfer
total member shear at the end of the member, the gross
section shall be taken as the gross section of the con-
nected elements.

10.19.2 End Connections of Floor Beams
and Stringers

10.19.2.1 The end connection shall be designed for
calculated member loads. The end connection angles of
floor beamsand stringers shall be not lessthan 3/ginchin
finished thickness. Except in cases of special end floor
beam details, each end connection for floor beams and
stringers shall be made with two angles. The length of
these angles shall be as great as the flanges will permit.
Bracket or shelf angles which may be used to furnish
support during erection shall not be considered in deter-
mining the number of fasteners required to transmit end
shear.

10.19.2.2  Endconnectiondetailsshall bedesigned
with special care to provide clearance for making the
field connection.

10.19.2.3  End connections of stringers and floor
beamspreferably shall bebolted with high-strength bolts;
however, they may be riveted or welded. In the case of
welded end connections, they shall be designed for the
vertical loads and the end bending moment resulting
from the deflection of the members.

10.19.2.4  Wheretimber stringers frame into steel
floor beams, shelf angles with stiffeners shall be pro-
vided to carry thetotal reaction. Shelf angles shall be not
less than 7/16 inch thick.

10.19.3 End Connections of Diaphragms and
Cross Frames

10.19.3.1 The end connections for diaphragms or
cross frames in straight rolled-beam and plate girder
bridges shall be designed for the calculated member
loads.

10.19.3.2 Vertical connection platessuch astrans-
versestiffenerswhich connect diaphragmsor crossframes
to the beam or girder shall be rigidly connected to both
top and bottom flanges.
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10.19.4 Block Shear Rupture Strength
10.19.4.1 General

Block shear rupture is one of several possible failure
modesfor splices, connections, gusset platesand tension
members. Block shear rupturefailureis devel oped when
the net section of one segment ruptures and the gross
section of a perpendicular segment yields. The web
connections of coped beams, all tension connections
including connection plates, splice plates and gusset
plates, and tension members shall be investigated to
ensure that the adequate block shear rupture strength is
provided.

10.19.4.2 Allowable Block Shear Rupture
Stress

In the Service Load Design Method, calculated ten-
sion stressbased on the gross section shall not exceed the
allowable block shear rupture stress obtained from the
following equations:

for A4, = 064,

F, = (033F,4, +0.55F,4,)/ 4,  (10-4r)

for A4, <0.64,

F, = (033F,4, +0.55F,4,)/ 4,  (10-4s)

where:

Ay = gross area of whole connected material (in.?)

Ay = gross area along the plane resisting shear (in.?)

Ayn = net area aong the plane resisting shear (in.2)

Ay = grossareaalongtheplaneresistingtension (in.?)

Ay, = net area aong the plane resisting tension (in.2)

Fy = specified minimum yield strength of the con-
nected materials (psi)

Fy, = specified minimum tensile strength of the con-
nected materials (psi)

Fys = allowable block shear rupture stress (psi)

10-36 SecTion 10 STRUCTURAL STEEL

10.19.4.3 Design Block Shear Rupture
Strength

In the Strength Design Method, calculated tension
force shall not exceed the design block shear rupture
strength obtained from the following equations:

for A, = 0584,

T, = ¢, (058F, 4, + F,4,)  (10-41)
for A, <0584,

T, = ¢, (058F,4, + F,4,)  (10-4u)

where:

Tys = design block shear rupture strength (1b.)

@ps= 0.8, reduction factor for block shear rupture
strength

10.20 DIAPHRAGMSAND CROSSFRAMES
10.20.1 General

Rolled beam and plate girder spans shall be provided
with crossframesor diaphragmsat each support and with
crossframesor diaphragmsplaced in all baysand spaced
at intervals not to exceed 25 feet. Diaphragmsfor rolled
beams shall be at least /3 and preferably 1/, the beam
depth and for plate girders shall be at least 1/, and
preferably 3/, the girder depth. Cross frames shall be as
deep as practicable. Cross frames shall preferably be of
the cross type or vee type. End cross frames or dia-
phragms shall be proportioned to adequately transmit all
the lateral forces to the bearings. Intermediate cross
frames shall be normal to the main beams and girders
when the supports are skewed more than twenty degrees
(20°). Cross frames on horizontally curved steel girder
bridges shall be designed as main members with ad-
equate provisions for transfer of lateral forces from the
girder flanges. Cross frames and diaphragms shall be
designedfor horizontal windloadsasdescribedinArticle
10.21.2, seismic loads and other applicable loads.

+ + + + + +
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10.20.2 Horizontal Force

The maximum horizontal force, Fp (Ib.), inthetrans-
verse digphragms and cross frames is obtained from the
following:

Fp = 1.14WSy (10-5)
where:
W = wind load along the exterior flange (1b/ft)
S = diaphragm spacing (ft)

10.20.21  Deleted
10.20.2.2  Deleted
10.20.3 Deleted

10.21 LATERAL BRACING

10.21.1 The need for lateral bracing shall be
investigated for wind loads, seismic loads and other
applicable lateral loads. Flanges attached to concrete
decks or other decks of comparable rigidity will not
reguire lateral bracing.

10.21.2 A horizontal wind force of 50 pounds per
squarefoot shall beappliedtotheareaof thesuperstructure
exposed in elevation. Half this force shall be applied in
the plane of each flange. The maximum induced stresses,
f (psi), in the bottom flange of each girder in the system
when top flanges are continuously supported can be
computed from the following:

f=Rf, (10-6)

R=[02272L - 11]5:%" (when no bottom lateralJ
=lo. —11]s;

bracing is provided

(10-7)
_,» [ when bottom lateral
R=[0.059L-0.64]S; o '
bracing is provided
(10-8)
_12M
fo=" 5 (109
M, = 0.08WS; (10-10)

L = spanlength (ft.)
tr = thickness of flange (in.)
bs = width of flange (in.)

The stresses in flanges of each girder in the system
when top flanges are not continuously supported shall be
computed using the structural system in the plane of the
flanges under consideration. The alowable stress shall
be factored in accordance with Article 3.22.

10.21.3 Whenrequired, lateral bracing shall beplaced
inthe exterior bays between diaphragmsor crossframes.
All required lateral bracing shall be placed in or near the
plane of the flange being braced.

10.21.4 Where beams or girders comprise the main
members of through spans, such members shall be
stiffened against lateral deformation by means of gusset
plates or knee braces with solid webs which shall be
connected to the stiffeners on the main members and the
floor beams. If the unsupported length of the edge of the
gusset plate (or solid web) exceeds 60 timesitsthickness,
the plate or web shall have a stiffening plate or angles
connected along its unsupported edge.

10.21.5 Through truss spans, deck truss spans, and
spandrel braced arches shall have top and bottom lateral
bracing.

10.21.6  Bracing shall be composed of angles, other
shapes, or welded sections. The smallest angle used in
bracing shall be 3 by 21/, inches. There shall be not less
than 2 fastenersor equivalent weldineach end connection
of the angles.

10.21.7 If a double system of bracing is used, both
systems may be considered effective simultaneously if
the members meet the requirements both as tension and
compression members. The members shall be connected
at their intersections.

10.21.8 The latera bracing of compression chords
preferably shall be as deep as the chords and effectively
connected to both flanges.

10.22 CLOSED SECTIONSAND POCKETS

10.22.1 Closed sections, and pockets or depressions
that will retain water, shall be avoided where practicable.
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Pocketsshall be provided with effectivedrain holesor be
filled with waterproofing material.

10.22.2 Detailsshall besoarrangedthat thedestructive
effects of bird life and the retention of dirt, leaves, and
other foreign matter will be reduced to a minimum.
Where angles are used, either singly or in pairs, they
preferably shall be placed withthevertical legsextending
downward. Structural tees preferably shall have the web
extending downward.

10.23 WELDING
10.23.1 General

10.23.1.1  Steel base metal to be welded, weld
metal, and welding design details shall conform to the
reguirements of the ANS/AASHTO/AWS D1.5 Bridge
Welding Code and the current Standard Specifications of
the California Department of Transportation.

10.23.1.2 Welding symbols shall conform with
the latest edition of the American Welding Society Pub-
lication AWS A2.4.

10.23.1.3 Fabrication shall conform to the Stan-
dard Specificationsof theCaliforniaDepartment of Trans-
portation. For fracture critical membersseethe AASHTO
“ Guide Specificationsfor Fracture Critical Non-Redun-
dant Steel Bridge Members.”

10.23.2 Effective Size of Fillet Welds
10.23.2.1 Maximum Size of Fillet Welds

The maximum size of a fillet weld that may be as-
sumed in the design of aconnection shall be such that the
stresses in the adjacent base material do not exceed the
valuesallowed in Article 10.32. The maximum size that
may be used along edges of connected parts shall be:

(1) Along edges of material less than 1/4 inch thick,
the maximum size may be equal to the thickness
of the material.

(2) Along edges of material /4 inch or more in
thickness, themaximum sizeshall bel/;ginchless
than thethickness of thematerial, unlesstheweld
is especially designated on the drawings to be
built out to obtain full throat thickness.

10-38 Section 10 STRUCTURAL STEEL

10.23.2.2 Minimum Size of Fillet Welds

The minimum fillet weld size shall be as shown in
the following table**.

Base Metd
Thickness of Minimum Size
Thicker Part of Fillet Weld*
Jointed (T)
in. mm in. mm
T<3, T 19.0] Y, 6 } Single-pass Welds
T>3, T>19.0| 54 8 must be used

* Except that the weld size need not exceed the
thickness of the thinner part jointed. For this excep-
tion, particular care should be taken to provide
sufficient preheat to ensure weld soundness.

** Smaller fillet welds may be approved by the
Engineer based upon applied stress and the use of
appropriate preheat.

10.23.3 Minimum Effective Length
of Fillet Welds

The minimum effectivelength of afillet weld shall be
four timesits size and in no case less than 1%/, inches.

10.23.4 Fillet Weld End Returns

Fillet welds which support a tensile force that is not
parallel totheaxisof theweld, or which are proportioned
towithstand repeated stress, shall not terminateat corners
of parts or members but shall be returned continuously,
full size, around the corner for alength equal to twicethe
weld size where such return can be made in the same
plane. End returns shall beindicated on design and detail
drawings.

10.235 Seal Welds

Seal welding shall preferably be accomplished by a
continuous weld combining the functions of sealing and
strength, changing section only as the required strength
or therequirementsof minimum sizefillet weld, based on
material thickness, may necessitate.
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10.24 FASTENERS
10.241 General

10.24.1.1 Inproportioning fasteners, for shear and
tension the cross-sectional area based upon the nominal
diameter shall beused. Galvanizationof AASHTOM253
(ASTM A490) and A354 Grade BD high strength boltsis
not permitted due to hydrogen embrittlement problems.
Thesefastenersmust be carefully evaluated before being
utilized. Requirements for bolts in these specifications
shall beusedfor threaded rods, threaded studsand anchor
rods, where applicable.

10.24.1.2 High-strength boltsmay besubstituted for
Grade 1rivets(ASTM A 502) or ASTM A307 bolts. When
AASHTO M 164 (ASTM A325) high-strength bolts are
substituted for ASTM A307 boltsthey shall betightened to
the full effort of aman using an ordinary spud wrench.

10.24.1.3 All bolts, except high-strength bolts
tensioned totherequirementsof the Standard Specifications
of the California Department of Transportation, shall have
single self-locking nut, double nuts, or a nut with a thread
locking system (anaerobic adhesive) to prevent nut loosen-
ing. Thethread locking system isthe preferred method for
bolt diametersof oneinchor less. Thethreadlocking system
shall not be used on bolt diameters grester than one inch.
When usingthedoublenut method atorqueval uefor thejam
nut, relative to the main nut, shall be shown on the plansto
assure that areasonable effort will be madeto lock the two
nuts together.

10.24.1.4  Joints required to resist shear between
their connected partsare designated aseither slip-critical
or bearing-type connections. Slip-critical joints are re-
quired for joints subject to stress reversal, heavy impact
loads, severe vibration or where stress and strain due to
joint slippage would be detrimental to the serviceability
of the structure. They include:

(1) Joints subject to fatigue loading.

(2) Jointswith boltsinstalled in oversized holes.

(3) Except wherethe Engineer intendsotherwiseand
soindicatesinthecontract documents, jointswith
boltsinstalled in slotted holeswhere theforce on
thejoint isin a direction other than normal (be-
tween approximately 80 and 100 degrees) to the
axis of the slot.

(4) Joints subject to significant load reversal.

(5) Jointsinwhichweldsand bolts sharein transmit-
ting load at a common faying surface.

(6) Jointsinwhich, inthe judgment of the Engineer,
any slip would be critical to the performance of
thejoint or the structure and so designated on the
contract plans and specifications.

10.24.1.5 High-strength bolted connections sub-
ject to tension, or combined shear and tension shall be
designed as slip-critical connections.

10.24.1.6 Bolted bearing-type connections using
high-strength bolts shall be limited to membersin com-
pression and secondary members.

10.24.1.7 The effective bearing area of afastener
shall be its diameter multiplied by the thickness of the
metal on which it bears. In metal less than 3/g inch thick,
countersunk fasteners shall not be assumed to carry
stress. Inmetal 3/ginch thick and over, one-half the depth
of countersink shall be omitted in cal culating the bearing
area.

10.24.1.8 In determining whether the bolt threads
are excluded from the shear planes of the contact sur-
faces, thread length of bolts shall be calculated as two
thread pitches greater than the specified thread length as
an alowance for thread run out.

10.24.1.9 In bearing-type connections, pull-out
shear in aplate should beinvestigated between the end of
theplateandtheendrow of fasteners. (See Table10.32.3B,
footnote h or Article 10.56.1.3.).
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TABLE 10.24.2 Nominal Hole Dimension
Hole Dimension (in.)
Bolt
Diameter (in.) | Standard | Oversize Short Slot Long Slot
(Diameter) | (Diameter) | (Width x Length) (Width x Length)
5/8 11/16 13/Ifx 11/16X7/8 “/16X 19/16
3/4 13/16 15/16 13/16)( 1 13/16)( 17/8
A % 1, B/ x 1 B x 2
1 1Y, 1Y, 1, x1/, 1',,x2'/,
1Y/, d+'/ d+3  |d+")xd+ )| d+",)x(25xd)

10.24.2 HoleTypes

Hole types for high-strength bolted connections are
standard holes, oversize holes, short dotted holes and long
dotted holes. The nominal dimensions for each type hole
shall be not greater than those shown in Table 10.24.2.

10.24.2.1 Inthe absence of approval by the Engi-
neer for use of other hole types, standard holes shall be
used in high-strength bolted connections.

10.24.2.2 When approved by the Engineer, over-
size, short slotted hole or long slotted holes may be used
subject to the following joint detail requirements.

10.24.2.2.1 Oversizeholesmay beusedinall plies
of connections which satisfy the requirements of Article
10.32.3.2.1 or Article 10.57.3, as applicable. Oversize
holes shall not be used in bearing-type connections.

10.24.2.2.2 Short slotted holes may be used in any
or al pliesof high-strength bolted connections designed
on the basis of Table 10.32.3B or Table 10.56A, as
applicable, provided the load is applied approximately
normal (between 80 and 100 degrees) to the axis of the
slot. Short slotted holes may be used without regard for
thedirection of appliedload inany or al pliesof connec-
tionswhich satisfy therequirementsof Article10.32.3.2.1
or Article 10.57.3.1, as applicable.

10.24.2.2.3 Long slotted holes may be used in one
of the connected partsat any individual faying surfacein
high-strength bolted connections designed onthe basisof
Table10.32.3B or Table 10.56A, asapplicable, provided
the load is applied approximately normal (between 80

10-40 Section 10 STRUCTURAL STEEL

and 100 degrees) to the axis of the dot. Long dotted holes
may be used in one of the connected parts at any individual
faying surface without regard for the direction of applied
load on connections which satisfy the requirements of
Article 10.32.3.2.1 or Article 10.57.3.1, as applicable.

10.24.3 Washer Requirements

Design details shall provide for washers in high-
strength bolted connections as follows:

10.24.3.1 Wherethe outer face of the bolted parts
has slopegreater than 1:20 with respect to aplane normal
to the bolt axis, a hardened beveled washer shall be used
to compensate for thelack of parallelism. Beveled wash-
ers other than the standard 1:6 slope shall be detailed in
the plans.

10.24.3.2 Hardened washers are not required for
connections using AASHTO M164 (ASTM A325) and
AASHTO M253 (ASTM A490) bolts except as required
in Articles 10.24.3.3 through 10.24.3.7.

10.24.3.3 Hardened washers shall be used under
the element turned in tightening and to cover oversize or
short slotted holes in the outer ply.

10.24.3.4  Irrespective of the tightening method,
hardened washers shall be used under both the head and
thenut when AASHTO M253 (ASTM A490) boltsareto
beinstalled in material having aspecified yield strength
less than 40,000 psi.

+
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10.24.3.5 WhereAASHTOM 164 (ASTM A 325)
boltsof any diameter or AASHTOM 253 (ASTM A 490)
bolts equal to or less than 1 inch in diameter are to be
installed in an oversize or short slotted hole in an outer
ply, ahardened washer conformingto ASTM F 436 shall
be used.

10.24.3.6  When AASHTO M 253 (ASTM A 490)
boltsover 1inchindiameter aretobeinstalledinanoversize
or short dotted hole in an outer ply, hardened washers
conformingto ASTM F 436 except with /16 inch minimum
thicknessshall beused under boththehead andthenutinlieu
of standard thickness hardened washers. M ultiple hardened
washerswith combined thicknessequal to or greater than 5/
16 inch do not satisfy this requirement.

10.24.3.7 Where AASHTOM 164 (ASTM A 325)
bolts of any diameter or AASHTO M 253 (ASTM A 490)
boltsequal toorlessthan linchindiameter aretobeinstalled
in a long dotted hole in an outer ply, a plate washer or
continuous bar of at |east 516 inch thickness with standard
holes shall be provided. These washers or bars shall havea
size sufficient to completely cover the dot after installation
and shall be of structural grade material but need not be
hardened except asfollows.WhenAASHTOM 253(ASTM
A 490) bolts over 1 inch in diameter are to be used inlong
dotted holes in external plies, a single hardened washer
conforming to ASTM F436 but with 5/ inch minimum
thicknessshall beusedinlieu of washersor barsof structural
grade material. Multiple hardened washers with combined
thicknessequal to or greater than 5/1ginch do not satisfy this
requirement.

10.24.4 Size of Fasteners (Rivetsor
High-Strength Bolts)

10.24.4.1 Fasteners shall be of the size shown on
the drawings, but generally shall be3/4inch or 7/ginchin
diameter. Fasteners 5/g inch in diameter shall not be used
in members carrying design loads except in 21/,-inch
legs of angles and in flanges of sections.

10.24.4.2 Thediameter of fastenersin angles car-
rying designloads shall not exceed one-fourth the width
of the leg in which they are placed.

10.24.4.3 In angles whose size is not determined
by design loads, 5/g-inch fasteners may be used in 2-inch
legs, 3/4-inchfastenersin 21/,-inchlegs, //g-inch fasteners
in 3-inch legs, and 1-inch fastenersin 3%/,-inch legs.

10.24.4.4  Structural shapeswhich do not admit the
use of 5/g-inch diameter fasteners shall not be used except
in handrails.

10.24.5 Spacing of Fasteners
10.24.5.1 Pitch and Gage of Fasteners

The pitch of fastenersisthe distance along the line of
principal stress, between centers of adjacent fasteners,
measured along one or more fastener lines. The gage of
fastenersisthe distance between adjacent lines of fasten-
ers or the distance from the back of angle or other shape
to the first line of fasteners.

10.24.5.2 Minimum Spacing of Fasteners
The minimum distance between centers of fastenersin

standard holes shall be three times the diameter of the
fastener but, preferably, shall not belessthanthefollowing:

Fastener Diameter | Minimum Spacing
(in.) (in.)
1 3,
A 3
Y, 2!,
A 2Y,

10.24.5.3 Minimum Clear Distance
between Holes

When oversizeor slotted holesare used, theminimum
clear distance between the edges of adjacent holesin the
directionof theforceandtransversetothedirection of the
force shall not belessthan twicethe diameter of the bolt.

10.24.5.4 Maximum Spacing of Fasteners
The maximum spacing of fasteners shall be in accor-

dance with the provisions of Articles 10.24.6, as appli-
cable.
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10.24.6 Maximum Spacing of Sealing and
Stitch Fasteners

10.24.6.1 Sealing Fasteners

For sealing against the penetration of moisture in
joints, thefastener spacing alongasinglelineof fasteners
adjacent to afree edge of an outside plate or shape shall
not exceed 4 inches + 4t or 7 inches. If thereisasecond
line of fasteners uniformly staggered with those in the
line adjacent to thefree edge, at agage*” g’ lessthan 1Y/
2 inches + 4t therefrom, the staggered pitch in two such
lines, considered together, shall not exceed 4 inches + 4t —
3g/4 or 7 inches, but need not be less than one-half the
requirement for asingle line, wheret is the thickness of
the thinner outside plate or shape (in.), and g isthe gage
between fasteners (in.).

10.24.6.2 Stitch Fasteners

In built-up members where two or more plates or
shapes are in contact, stitch fasteners shall be used to
ensure that the parts act as a unit and, in compression
members, to prevent buckling. In compression members
the pitch of stitch fasteners on any single line in the
direction of stressshall not exceed 12t, except that, if the
fasteners on adjacent lines are staggered and the gage, g,
between the line under consideration and the farther
adjacent line (if therearemorethantwolines) islessthan
24t, the staggered pitch in the two lines, considered
together, shall not exceed 12t or 15t — 3g/8. The gage
between adjacent lines of fasteners shall not exceed 24t.
In tension members the pitch shall not exceed twice that
specified for compression members and the gage shall
not exceed that specified for compression members.

The maximum pitch of fastenersin built-up members
shall begoverned by therequirementsfor sealing or stitch
fasteners, which is minimum.

For pitch of fasteners in the ends of compression
members, see Article 10.16.13.

10.24.7 Edge Distance of Fasteners

10.24.7.1 General

The distance from the center of any fastener in a
standard hole to an edge of a connected part shall not be
less than the applicable value specified in Table
10.24.7.1.A.
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Themaximum distancefromthecenter of any fastener
to any edge shall be eight times the thickness of the
thinnest outside plate, but shall not exceed 5 inches.

10.24.7.2 When there is only a single transverse
fastener in the direction of the line of forcein astandard
or short dlotted hole, the distance from the center of the
holeto theedge of the connected part shall not belessthan
1%/, times the diameter of the fastener, unless accounted
for by thebearing provisionsof Table10.32.3B or Article
10.56.1.3.2.

10.24.7.3 Whenoversizeor slotted holesare used,
the distance between edges of holes and edges of mem-
bers shall not be less than the diameter of the bolt.

TABLE 10.24.7.1A Minimum Edge Distance from

Center of Standard Hole to Edge of Connected Part
At Flange
At Sheared | At Rolled | Edges of
Fasteners | or Thermally | or Planed | Beams and
Diameter | Cut Edges Edges Channels
(in.) (in.) (in.) (in.)
1 1%, 1/, 1,
A 1/, 1Y, 1Y/,
, 1Y, 1Y/, 1
g 1Y, 1 A
10.24.8 LongRivets

Rivets subjected to design forces and having agripin
excess of 41/, diameters shall be increased in number at
least 1 percent for each additional /16 inch of grip. If the
grip exceeds six timesthe diameter of therivet, specially
designed rivets shall be used.

10.25 LINKSAND HANGERS
10.25.1 Net Section

In pin-connected tension membersother than eyebars,
the net section across the pin hole shall be not less than
140 percent, and the net section back of the pin hole not
less than 100 percent of the required net section of the
body of the member. Theratio of the net width (through
the pin hole transverse to the axis of the member) to the
thicknessof the segment shall not bemorethan 8. Flanges
not bearing on the pin shall not be considered in the net
section across the pin.

+ + + + + +
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Pin plates are not recommended in new construction.
Thethicknessrequiredshall befull length. Hanger plates
shall be designed to provide free movement of the parts.

10.25.2 L ocationof Pins

Pinsshall besolocatedwithrespecttothegravity axis
of the members as to reduce to a minimum the stresses
dueto bending.

10.25.3 Sizeof Pins

Pins shall be proportioned for the maximum shears
and bending moments produced by the members con-
nected. If there are eyebars among the parts connected,
the diameter of the pin shall be not lessthan

é3 + Fy L\,J b
&  400,000f

(10-11)

where:

Fy = specified minimum yield strength of steel (psi)
bey = width of the body of the eyebar (in.)

10.25.4 Pin Plates

When necessary for the required section or bearing
area, thesectionat thepinholesshall beincreased oneach
segment by plates so arranged asto reduceto aminimum
the eccentricity of the segment. One plate on each side
shall beaswideasthe outstanding flangeswill allow. At
least onefull-width plateon each segment shall extendto
thefar edge of the stay plate and the others not less than
6 inches beyond the near edge. These plates shall be
connected by enough rivets, bolts, or fillet welds to
transmit the bearing pressure, and so arranged as to
distributeit uniformly over the full section.

10.255 Pinsand Pin Nuts

10.25.5.1  Pinsshall beof sufficient length to secure
afull bearing of all partsconnected upontheturned body of
the pin. They shall be secured in position by hexagonal
recessed nutsor by hexagonal solid nutswithwashers. If the
pinsarebored, through rodswith cap washersmay beused.
Pin nuts shall be malleable castingsor steel. They shall be
secured by cotter pins or other suitable locking devices
which will not affect theremoval of the nut.

10.25.5.2  Membersshall berestrained against | at-
eral movement on the pinsand against |ateral distortion
dueto the skew of the bridge.

10.26 UPSET ENDS

Bars and rods with screw ends, where specified, shall
be upset to provide a section at the root of the thread,
which will exceed the net section of the body of the
member by at least 15 percent.

10.27 EYEBARS
10.27.1 Thicknessand Net Section

Eyebars shall be of auniform thicknesswithout rein-
forcement at the pin holes. Thethicknessof eyebarsshall
be not less that1/g of thewidth, nor lessthan!/,inch, and
not greater than 2inches. Thesection of theheadthrough
thecenter of thepinholeshall exceedtherequired section
of the body of the bar by at least 35 percent. The net
section back of the pin hole shall not be less than 75
percent of the required net section of the body of the
member. The radius of transition between the head and
body of the eyebar shall be equal to or greater than the
width of the head through the centerline of the pin hole.

10.27.2 Packingof Eyebars

10.27.21 Theeyebarsof aset shall besymmetrical
about the central plane of thetrussand asnearly parallel
as practicable. Bars shall be as close together as practi-
cableandheld against |ateral movement, but they shall be
so arranged that adjacent barsin the same panel will be
separated by at least 1/, inch.

10.27.2.2 Intersectingdiagonal barsnotfar enough
apart to clear each other at all times shall be clamped
together at theintersection.

10.27.2.3 Steel filling rings shall be provided, if
needed, to prevent lateral movement of eyebars or other
members connected on the pin.

1028 FORKEDENDS

Forked ends will be permitted only where unavoid-
able. There shall be enough pin plateson forked endsto
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make the section of each jaw equal to that of the member.
The pin plates shall be long enough to develop the pin
plate beyond the near edge of the stay plate, but not less
than the length required by Article 10.25.4.

10.29 FIXED AND EXPANSION BEARINGS
10.29.1 General

10.29.1.1  Fixed ends shall be firmly anchored.
Bearings for spans less than 50 feet need have no provi-
sion for rotation. Spans of 50 feet or greater shall be
provided with atype of bearing to accommodaterotation.

10.29.1.2  Expansion endsshal beprovided witha
type of bearing to accommodeate rotation and expansion.

10.29.1.3 Deleted
10.29.2 Deleted
10.29.3 Deleted
10.29.4 Sole Platesand Masonry Plates

10.29.4.1 Sole plates and masonry plates shall
have a minimum thickness of 3/, inch.

10.29.4.2 For spans on inclined grades greater
than 1 percent without hinged bearings, the sole plates
shall be beveled so that the bottom of the sole plateis
level, unless the bottom of the sole plate is radially
curved.

10.29.5 Masonry Bearings

Beams, girders, or trusses on masonry shall be so
supported that the bottom chordsor flangeswill beabove
the bridge seat, preferably not less than 6 inches.

10.29.6 Anchor Rods

10.29.6.1 Trusses, girders, and rolled beam spans
preferably shall be securely anchored to the substructure.
Anchor rods shall be headed, hooked, or threaded with
anut to secure a satisfactory grip upon the material used
toembed themintheholes. All anchor rodsshall conform
to specifications shown in Table 10.2C. High strength
steels(quenched and tempered) are not recommended for
use in hooked anchor rods since bending with heat may
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affect their strength. The embedded end of athreaded rod
with anut shall have apositivelocking device or systemto
prevent rod rotation when anut isinstalled on other end.

10.29.6.2 Thefollowingaretheminimumrequire-
ments for each bearing:

For rolled beam spans the outer beams shall be an-
chored at each end with 2 rods, 1 inch in diameter, set
10 inches in the masonry.

For trusses and girders:

Spans 50 feet in length or less; 2 rods, 1 inch in
diameter set 10 inches in the masonry.

Spans 51 to 100 feet; 2 rods, 11/4 inches in
diameter, set 12 inches in the masonry.

Spans 101 to 150 feet; 2 rods, 11/, inches in diam-
eter, set 15 inches in the masonry.

Spans greater than 150 feet; 4 rods, 11/, inches in
diameter, set 15 inches in the masonry.

10.29.6.3  Anchor rods shall be designed to resist
uplift as specified in Article 3.17 and seismic forces
specified in Article 3.21. Other restraining devices may
be used in conjunction with anchor rods.

10.29.7 Pedestals and Shoes

10.29.7.1 Pedestals and shoes preferably shall be
made of cast steel or structural steel. The differencein
width between the top and bottom bearing surfaces shall
not exceed twice the distance between them. For hinged
bearings, this distance shall be measured from the center
of the pin. In built-up pedestal s and shoes, theweb plates
and angles connecting them to the base plate shall be not
lessthan 5/ginch thick. If the size of the pedestal permits,
the webs shall be rigidly connected transversely. The
minimum thickness of the metal in cast steel pedestals
shall be 1 inch. Pedestals and shoes shall be so designed
that the load will be distributed uniformly over theentire
bearing.

10.29.7.2 Websand pin holesin the webs shall be
arranged to keep any eccentricity to aminimum. The net
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section through the hole shall provide 140 percent of the
net sectionrequiredfor thedesignload transmitted through
the pedestal or shoe. Pins shall be of sufficient length to
secure afull bearing. Pinsshall be secured in position by
appropriate nuts with washers. All portions of pedestals
and shoes shall be held against lateral movement of the
pins.

10.30 FLOOR SYSTEM
10.30.1 Stringers

Stringers preferably shall beframed into floor beams.
Stringers supported on the top flanges of floor beams
preferably shall be continuous.

10.30.2 Floor Beams

Floor beams preferably shall be at right angles to the
trusses or main girders and shall be rigidly connected
thereto. Floor beam connections preferably shall be lo-
cated so the lateral bracing system will engage both the
floor beam and the main supporting member. In pin-
connected trusses, if the floor beams are located below
thebottom chord pins, thevertical postsshall beextended
sufficiently below the pinsto make arigid connection to
the floor beam.

10.30.3 CrossFrames

In bridges with wooden floors and steel stringers,
intermediate cross frames (or diaphragms) shall be
placed between stringers more than 20 feet long.

10.30.4 Expansion Joints

10.30.4.1 To provide for expansion and contrac-
tion movement, floor expansion joints shall be provided
at all expansion ends of spans and at other points where
they may be necessary.

10.30.4.2  Apron plates, when used, shall be de-
signed to bridge the joint and to prevent, so far as
practicable, the accumulation of roadway debris upon
the bridge seats. Preferably, they shall be connected
rigidly to the end floor beam.

10.30.5 End Floor Beams

There shall be end floor beams in all square-ended
trusses and girder spans and preferably in skew spans.
End floor beams for truss spans preferably shall be
designed to permit the use of jacks for lifting the super-
structure. For this case the alowable stresses may be
increased 50 percent.

10.30.6 End Panel of Skewed Bridges

In skew bridges without end floor beams, the end
panel stringersshall be secured in correct position by end
struts connected to the stringers and to the main truss or
girder. The end panel lateral bracing shall be attached to
the main trusses or girders and also to the end struts.
Adequate provisions shall be made for the expansion
movement of stringers.

10.30.7 Sidewalk Brackets

Sidewalk brackets shall be connected in such a way
that thebending stresseswill betransferred directly tothe
floor beams.

10.30.8 Stay-in-Place Deck Forms
10.30.8.1 Concrete Deck Panels

When precast prestressed deck panels are used as
permanent forms spanning between beams, stringers, or
girders, the requirements of Article 9.12, Deck Panels,
and Article 9.23, Deck Panels, shall be met.

10.30.8.2 Metal Stay-in-Place Forms

When metal stay-in-place forms are used as perma-
nent forms spanning between beams, stringers, or girders,
the forms shall be designed a minimum of, to support the
weight of the concrete (including that in the corrugations, if
applicable), aconstruction load of 50 psf, and the weight of
the form. The forms shall be designed to be elastic under
construction loads. The elastic deformation caused by the
dead load of theforms, plastic concrete and reinforcement,
shall not exceed a deflection greater than L/80 or one half
inch, for form work spans (L) of 10 feet or less, or a
deflection of L/240 or three-quarter inch, for form work for
spans L over 10 feet. Dead load due to metal stay-in-place
forms shall be taken into account in design of girders.
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Part C
Service Load Design Method

Allowable Stress Design
10.31 SCOPE

Allowable stressdesignisamethod for proportioning
structural members using design loadsand forces, allow-
able stresses, and design limitations for the appropriate
material under service conditions. See Part D — Strength
Design Method — Load Factor Design for a preferred
design procedure.

10.32 ALLOWABLE STRESSES
10.32.1  Steel

Allowable stresses for steel shall be as specified in
Table 10.32.1A.

10.32.2 Weld Metal

Unless otherwise specified, the ultimate strength of
weld metal shall be equal to or greater than specified
minimum value of the base metal. Allowable stresses on
the effective areas of weld metal shall be as follows:

Butt Welds

The same as the base metal joined, except in the case
of joining metals of different yields when the lower
yield material shall govern.

Fillet Welds

F,=0.27F, (10-12)

where:

F, = alowable basic shear stress (psi)
Fu = tensile strength of the electrode classification

(psi).

When detailing fillet welds for quenched and tem-
pered steels the designer may use electrode classifica-
tions with strengths less than the base metal provided
that this requirement is clearly specified on the plans.

10-46 Section 10 STRUCTURAL STEEL

10.32.3 Fasteners

Allowable stresses for fasteners shall be as listed in
Tables 10.32.3A and 10.32.3B, and the allowable force
on a dlip-critical connection shall be as provided by
Article 10.32.3.2.1.

10.32.31 General

10.32.3.1.1 Inproportioning fasteners for shear or
tension, the cross sectional area based upon the nominal
diameter shall be used except as otherwise noted.

10.32.3.1.2 Theeffectivebearing areaof afastener
shall be its diameter multiplied by the thickness of the
metal on which it bears. In metal lessthan 3/g inch thick,
countersunk fasteners shall not be assumed to carry load.
In metal 3/g inch thick and over, one-half of the depth of
countersink shall be omitted in calculating the bearing
area.

10.32.3.1.3 Indeterminingwhether thebolt threads
are excluded from the shear planes of the contact sur-
faces, thread length of boltsshall be calculated as at |east
twothread pitchesgreater thanthe specified thread length
as an allowance for thread run ouit.

10.32.3.1.4 In bearing-type connections, pull-out
shear in aplate should beinvestigated between the end of
theplateandtheendrow of fasteners. (See Table10.32.3B,
footnote g.).

10.32.3.1.5 Deleted

10.32.3.1.6 Joints, utilizing high-strength bolts,
reguired to resist shear between their connected partsare
designated aseither slip-critical (seeArticle10.24.1.4) or
bearing-type connections. Shear connections subjected
to stress reversal, or where slippage would be undesir-
able, shall be dlip-critical connections. Potential slip of
joints should be investigated at intermediate load stages
especially those joints located in composite regions.

10.32.3.1.7 Thepercentageof stressincreaseshown
in Article 3.22, Combination of Loads, shall apply to
allowable stresses in bolted slip-critical connections us-
ing high-strength bolts, except that in no case shall the
percentage of alowable stress exceed 133 percent, and
the requirements of Article 10.32.3.3 shall not be ex-
ceeded.
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10.32.3.1.8 Bolted bearing-type connections shall
be limited to members in compression and secondary
members.

10.32.3.2 The alowable stress in shear, bearing
and tension for AASHTO M164 (ASTM A325) and
AASHTOM253 (ASTM A490) boltsshall beaslistedin
Table 10.32.3B.

High strength boltsinstalled according tothe Standard
Specificationsof the CaliforniaDepartment of Transpor-
tation, Section 55, will befully tensioned and the contact
surface condition of the assembly will be Class B.

SectioN 10 STRUCTURAL STEEL
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TABLE 10.32.1A Allowable Stresses—Structural Steel (psi)
AASHTO Designation M 270 M 270 M 270 M 270
Grade 36 Grade50  Grade 50W Grades 100/100W
Equivalent ASTM Designation A 709 A 709 A 709 A 709 A 709
Grade 36 Grade50  Grade50W Grade HPS 70W Grades 100/100W
Thickness of Plates Upto Upto Upto Upto Upto Over 212" to
4"included  4"included  4"included  4"included 2Y/2"included 4" included
Shapes All Groups Al Groups  All Groups N/A N/A
Axia tension in members with no 0.55Fy 20,000 27,000 27,000 38,000 N/A
holes for high-strength bolts or rivets.
Use net section when member has 0.46 Fy N/A 51,000 46,000
any open holeslarger than 11/4 inch
diameter such as perforations.
Axid tensionin memberswith holes ~ Gross Sectioni 20,000 27,000 27,000 38,000 N/A
for high-strength bolts or rivets and 0.55Fy
tension in extreme fiber of rolled
shapes girders, and built-up sections Net Section 29,000 32,500 35,000 45,000 N/A
subject to bending. Satisfy both 050 Fy
Gross and Net Section criterion.
Net Section N/A 51,000 46,000
046 F,
Axia compression, gross section: 20,000 27,000 27,000 38,000 55,000 49,000
stiffeners of plate girders. Compression
in splice material, gross section
Compression in extreme fibers of 0.625 F, 22,000 31,000 31,000 43,000 62,000 62,000
doubly symmetrical I- and H-shape
members with compact flanges
continuously connected to the web
and bent about their weak axes (except
members with the yield strength
greater than 65,000 psi); solid round
and square bars; and solid rectangular
sections bent about their weak axes
Compression in extreme fibers of
rolled shapes, girders, and built-up
sections subject to bending. Gross
section, when compression flangeis:
(A) Supported laterally its full length 0.55Fy 20,000 27,000 27,000 38,000 55,000 49,000

by embedment in concrete

(B) Partially supported or is unsupported & b

S

xc

)

0 [ :
F[J:M[ ”J\/O.772[i+9.87(?) <0.55F,

yc
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TABLE 10.32.1A Allowable Stresses—Structural Steel (psi) (continued)
C = 125M
" 25M,_ +3M +4M, +3M,
where
Mmax = absolute value of maximum moment in the unbraced beam segment (Ib-in.)
M, = absolute value of moment a quarter point of the unbraced beam segment (Ib-in.)
Mg = absolute value of moment at midpoint of the unbraced beam segment (Ib-in.)
Mc = absolute value of moment at three- quarter point of the unbraced segment (Ib-in.)

Cp= 1.0 for unbraced cantilevers and for members where the moment within a significant portion of the unbraced segment is greater than or equal to
the larger of the segment end moments.

Compression in concentrically loaded columns ¢
with C¢ = (2p2E/Fy)V2 = 126.1 107.0 107.0 04 75.7 79.8
whenKL/r £ C.

F é& (KL/rfF u
F, == él-( 2)2 NE
F.Sg p°E g

16980 - 23580 - 23580-  33020-  47170- 42450
053(KLmM2 103KLM2 103KLI?2 202KLi? 412KLN? 333 (KLM2

whenKL/r > C,

. PE _ 135,000,740
*R.S(KL/T) (KL/r)
withF.S =212
Shear in girder webs, gross section Fy=033 Fy 12,000 17,000 17,000 23,000 33,000 30,000
Bearing on milled stiffeners and 0.80 Fy 29,000 40,000 40,000 56,000 80,000 72,000

other steel parts in contact (rivets
and bolts excluded)

Stressin extreme fiber of pins d 0.80 Fy 29,000 40,000 40,000 56,000 80,000 72,000
Shear in pins F,=040F, 14,000 20,000 20,000 28,000 40,000 36,000
Bearing on pins not subject to 0.80 Fy 29,000 40,000 40,000 56,000 80,000 72,000
rotation

Bearing on pins subject to rotation 040 Fy 14,000 20,000 20,000 28,000 40,000 36,000

(such as used in rockers and hinges)

Bearing on connected materia a Low
Carbon Steel Bolts (ASTM A 307),
Turned Bolts, Ribbed Bolts, and Rivets
(ASTM A 502 Grades 1 and 2)—
Governed by Table 10.32.3A
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Footnotes for Table 10.32.1A  Allowable Stresses—Structural Steel (psi)

a For the use of larger Cp values, see Structural Stability Research Council Guideto Sability Design Criteria for Metal Sructures, 3rd
Ed., pg. 135. If cover platesare used, the allowabl e static stress at the point of theoretical cutoff shall be as determined by theformula.

b % = lengthininches, of unsupported flange between lateral connections, knee braces, or other points of support.

moment of inertia of compression flange about the vertical axis in the plane of the web in.4

|yc =

d = depth of girder, in.
[(bﬁ)c + (bt3), + Dtj] _ _ ‘ _

J = 3 where b and t represent the flange width and thickness of the compression and tension flange,
respectively (in.4).

S« = section modulus with respect to compression flange (in.3).

CE = modulus of elasticity of steel

r = governing radius of gyration

L = actua unbraced length

K = effective length factor (see Appendix C)

FS = factor of safety = 2.12

For graphic representation of these formulas, see Appendix C.
The formulas do not apply to members with variable moment of inertia. Procedures for designing members with variable moments
of inertia can be found in the following references: “ Engineering Journal,” American Institute of Steel Construction, January 1969,
Volume 6, No. 1, and October 1972, Volume 9, No. 4; and “ Steel Structures,” by William McGuire, 1968, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey. For members with eccentric loading, see Article 10.36.
Singly symmetric and unsymmetric compression members, such as angles, or tees, and doubly symmetric compression members,
such as cruciform or built-up members with very thin walls, may also require consideration of flexural-torsional and torsional
buckling. Refer to the Manual of Steel Construction, Ninth Edition, 1989, American Institute of Steel Construction.

d See also Article 10.32.4.

9 Thisshall apply to pinsused primarily in axially loaded members, such astruss members and cable adjusting links. It shall not apply
to pins used in members having rotation caused by expansion of deflection.

i When the area of holes deducted for high strength bolts or rivets is more than 15 percent of the gross area, that area in excess of
15 percent shall be deducted from the gross area in determining stress on the gross section. In determining gross section, any open
holes larger than 11/4 inch diameter, such as perforations, shall be deducted.
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TABLE 10.32.3A Allowable Stresses for L ow-
Carbon Steel Bolts and Power Driven Rivets (psi)

Shear

Type of Fastener Tension® | Bearing® | Bearing-Type

Connection®

(A)
Low-Carbon Steel
Bolts® Turned Bolts
(ASTM A 307)
Ribbed Bolts

(B)

Power-Driven Rivets
(rivets driven by
pneumatically or
electrically operated
hammers are
considered power
driven)

18,000 | 20,000 11,000

Structural Steel Rivet —
Grade 1 (ASTM A
502 Grade 1)

40,000 13,500

Structural Steel Rivet —
(high strength) Grade
2 (ASTM A 502
Grade 2)

40,000 20,000

a ASTM A 307 bolts shall not be used in connections subject
to fatigue.

b Appliesto fastener cross sectional area based upon nominal
body diameter.

¢ Applies to nominal diameter of fastener multiplied by the
thickness of the metal.

TABLE 10.32.3B Allowable Stressfor High-
Strength Boltsor Connected Material (psi)

Load Condition Allowable Stress

Applied Static Tension®® 0.315 Fu"

Shear, F > on bolt with
threads included in shear
plane®

0.16 F ¢

Shear, F, on bolt with
threads excluded from
shear plane

020 F¢

Bearing, F, on connected
.. P

material in standard,

oversize, short-slotted 0.5LF,

holes in any direction, or d

long-slotted holes parallel

to the applied bearing force

< E4 e.f.g

Bearing, F , on connected
material in long-slotted
holes perpendicular to the
applied bearing force

045(1::4 <0. 81;;(‘1./ -8

aBolts must be tensioned to requirements of the Standard
Specifications of California Department of Transportation

b See Article 10.32.3.4 for bolts subject to tensile fatigue

€ In connection transmitting axial force whose length between
extreme fasteners measured parallel to the line of force

exceeds 50 inches, tabulated values shall be reduced 20
percent.

d F, = specified minimum tensile strength of the fastener given
in Tablel0.2C (psi)

€ F = specified minimum tensile strength of connected mate
rial (psi)

L¢ = clear distance between the hol es or between the holeand
the edge of the material in the direction of the applied bearing
force (in.)

d = nominal diameter of the bolt (in.)

f Connection using high-strength boltsin slotted holeswith the
load applied in a direction other than approximately normal
(between 80 and 100 degrees) to the axis of the hole and

connections with bolts in oversized holes shall be
designed for resistance against slip in accordance with Article
10.32.3.2.1.

9 Allowablebearing forcefor the connectionisequal tothesum
of the allowable bearing force for the individual boltsin the
connection

h AASHTO M 164 (ASTM A 325) and AASHTO M253
(ASTM A 490) high-strength bolts are available in three

types, designated as Types 1, 2,or 3. Type 3 shall be required
on the plans when using unpainted AASHTO M 270 Grade
50W (ASTM A709 Grade 50W).
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10.32.3.2.1 In addition to the allowable stress re-
quirementsof Article10.32.3.2theforceonaslip-critical
connection as defined in Article 10.24.1.4 shall not
exceed the allowable slip resistance (Ps) of the connec-
tion according to:

P =K, uT,AN,N, (10-13)

where:

An = net cross section area of the bolt (in.?)

Np = number of boltsin the joint

Ns = number of dlip planes

Ty = required minimum bolt tension stress specified
inthe Standard Specificationsof CaliforniaDe-
partment of Transportation or equal to 70% of
specified minimumtensilestrength of boltsgiven
in Table 10.2C (psi)

u = dlip coefficient specified in Table10.32.3C

Kn = hole size factor specified in Table 10.32.3D

Class A, B or C surface conditions of the bolted parts
as defined in Table 10.32.3C shall be used in joints
designated as slip-critical except as permitted in Article
10.32.3.2.2.

10.32.3.2.2 Subject to the approval of the Engi-
neer, coatings providing a slip coefficient less than 0.33
may be used provided the mean slip coefficient is estab-
lished by test in accordance with the requirements of
Article10.32.3.2.3, and the slipresistance per unit areais
established.

10.32.3.2.3 Paint, used on the faying surfaces of
connections specified to be slip-critical, shall be quali-
fied by test in accordance with “Test Method to Deter-
mine the Slip Coefficient for Coatings Used in Bolted
Joints” as adopted by the Research Council on Structural
Connections. See Appendix A of Allowable Sress De-
sign Specification for Sructural Joints Using ASTM
A325 or A490 Bolts published by the Research Council
on Structural Connections.
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TABLE 10.32.3C Slip Cofficient u

Class Contact Surface of Bolted Parts U

Types

Class A | Clean mill scale and blast- 0.33
cleaned surfaces with Class A
coating

Class B | Blast-cleaned surfaces and 0.5
blast-cleaned surfaces with
Class B coating

Class C | Hot-dip galvanized surfaces 0.33
roughened by hand wired
brushing after galvanizing

Note: Coatings classified as Class A or Class B include
those coatings which provide a mean slip coeffi-
cient not less than 0.33 or 0.5, respectively, as
determined by Testing Method to Determine the
Slip Coefficient for Coatings Used in the Bolted
Joints. See Article 10.32.3.2.3.

TABLE 10.32.3D Hole Size Factor Slip Ky,

Hole Types K,
Standard 1.0
Oversize and Short-slotted 0.85
Long-slotted holes with the slot 0.70
perpendicular to the direction of the force
Long-slotted holes with the slot parallel to 0.60

the direction of the force

10.32.3.3 Applied Tension, Combined
Tension and Shear

10.32.3.3.1 High-strength boltspreferably shall be
used for fasteners subject to tension or combined tension
and shear.

10.32.3.3.2 Boltsrequired to support applied load
by means of direct tension shall be so proportioned that
their average tensile stress computed on the basis of
nominal bolt areawill not exceed the appropriatestressin
Table 10.32.3B. The applied |oad shall be the sum of the
external load and any tension resulting from prying
action. The tension due to the prying action shall be
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é3b tu

= 3 - —nT
Q Sa 204 (10-14)

where:

Q = thepryingtension per bolt (taken as zero when
negative) (Ib.)

T = thedirect tension per bolt due to external load
(Ib.)

a = distancefromcenter of boltunder consideration
to edge of plate (in.)

b = distancefromcenter of bolt under consideration
to toe of fillet of connected part (in.)

t = thickness of thinnest part connected (in.)

10.32.3.3.3 For combinedshear andtensioninslip-
critical joints using high-strength bolts where applied
forces reduce the total clamping force on the friction
plane, the shear stress, f, (psi), shall meet the following
requirement:

f £F(1-1.88f /F,) (10-15)

where:

fi = calculatedtensilestressintheboltincludingany
stress due to prying action (psi)
Fs = allowableslip stress (psi)
= K n,
Fu = specified minimum tensile strength of the bolt
from Table 10.2C (psi)

10.32.3.3.4 Whererivetsor high-strength boltsin
bearing type connections are subject to both shear and
tension, the tensile stress shall not exceed the reduced
allowable tensile stress obtained from the following
equations. The combined stresses shall meet therequire-
ment of Equation (10-18).

for f,/F,£0.33
F&=F (10-16)

for f,/F,>0.33

Fe= RV (LRY o
f2 +(kf) £F2 (10-18)

where:

fi = calculatedtensile stressinrivet or bolt includ-
ing any stressdueto prying action (psi)

fy = calculated shear stressin rivet or bolt (psi)

F, = allowable tensile stress on rivet or bolt from
Table 10.32.3A or Table 10.32.3B (psi)

K¢ = reduced allowabletensilestresson rivet or bolt
dueto the applied shear stress (psi)

F, = alowable shear stress on rivet or bolt from
Table 10.32.3A or Table 10.32.3B (psi)

k = aconstant: 0.75for rivets; 0.6 for high-strength
bolts with threads excluded from shear plane

10.32.34 Fatigue

When subject to tensile fatigue loading, the tensile
stressin the bolt due to the service load plusthe prying
forceresulting from application of serviceload shall not
exceedthefollowing allowable stresses(psi). Thenomi-
nal diameter of the bolt shall be used in calculating the
bolt stress. The prying force shall not exceed 80 percent
of theexternally applied load.

Number of Cydes AASHTO M 164 | AASHTO M 235
(ASTM A 325) | (ASTM A 490)
t’;llg; rggfoo 38,000 47,000
S%?&é’a%m 35,500 44,000
gf)%rgégm 27,500 34,000

10.32.4 Pins,Rollers,and Expansion Rockers

10.324.1 Theeffective bearing areaof apin shall
beitsdiameter multiplied by thethicknessof thematerial
on which it bears. When partsin contact have different
yield strength, Fy shall be the smaller value.

10.32.4.2 Design stresses for Steel Bars, Carbon
ColdFinished Standard Quality, AASHTO M 169(ASTM
A 108), and Steel Forgings, Carbon and Alloy, for Gen-
eral Industrial Use, AASHTO M 102 (ASTM A 668), are
giveninTable 10.32.4.2A.
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TABLE 10.32.4.2A Allowable Stresses—Steel Bars and Steel Forgings
AASHTO Designation with Size o M 102 To |[M 102 To 10"| M 102 To
Limitations 20" in dia. in dia. 20" in dia.
L A 668 A 668 A 668°

ASTM Designation Grade or Class — Class D Class F Class G
Minimum Yield Strength, psi F, 37,500 50,000 50,000
Stress in Extreme Fiber, psi 0.80F 30,000 40,000 40,000
Shear, psi 0.40F, 15,000 20,000 20,000
Bearing on Pins not Subject to 0.80F | 30,000 40,000 40,000
Rotation, psr° Y
Bearing on Pins Subject to Rotation,
psi (such as used in rockers and 0.40Fy 15,000 20,000 20,000
hinges)

b May substitute rolled material of the same properties.

€ Thisshall apply to pins used primarily in axially loaded members, such as truss members and cable adjusting links. It shall not apply
to pins used in members having rotation caused by expansion or deflection.

10.32.5 Cast Steel, Ductilelron Castings,
M alleable Castings, and Cast Iron

10.32.5.1 Cast Steel and Ductilelron

10.32.5.1.1 For cast steel conforming to specifica-
tionsfor Steel Castingsfor Highway Bridges, AASHTOM
192 (ASTM A 486), Mild-to-Medium-Strength Carbon-
Steel Castings for General Application, AASHTO M103
(ASTM A27), and Corrosion-Resistant Iron-Chromium,
[ron-Chromium-Nickel and Nickel-Based Alloy Castings
for General Application, AASHTOM 163 (ASTM A 743),
andfor Ductilelron Castings (ASTM A 536), theallowable
stresses shdll be in accordance with Table 10.32.5.1A.

10.32.5.1.2 When in contact with castings or steel
of adifferent yield strength, the allowable bearing stress
of thematerial withthelower yield strength shall govern.
For riveted or bolted connections, Article 10.32.3 shall
govern.

10.32.5.2 Malleable Castings

Malleable castings shall conform to specificationsfor
Malleable Iron Castings, ASTM A 47 Grade 35018.

10-54 Section 10 STRUCTURAL STEEL

The following allowable stresses (psi) and modulus of
elasticity (psi) shall be used:
Tension ........ccovvviiiiiiiiiii .. 18,000
Bending in Extreme Fiber ............... 18,000
Modulus of Elasticity ............... 25,000,000
10.32.5.3 CastIron

Cast iron castings shall conform to specifications
for Gray Iron Castings, AASHTO M 105 (ASTM A
48), Class 30B. Thefollowing allowable stresses (psi)
shall be used:

Bending in Extreme Fiber ................. 3,000
Shear ..o 3,000
Direct Compression, short columns ....12,000

10.32.5.4 Deleted

++ o+ + o+

+



&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

ltrans

TABLE 10.32.5.1A Allowable Stresses—Cast Steel and Ductile Iron (psi)
AASHTO Designation M 103 | M 192 M 192 M 163 None
ASTM Designation A27 | A486 A 486 A 743 A 536
Class or Grade 70-36 90 120 CA-15 60-40-18
Minimum Yield Strength, F, 36,000 60,000 95,000 65,000 40,000
Axial Tension 14,500 22,500 34,000 24,000 16,000
Tension in Extreme Fiber 14,500 22,500 34,000 24,000 16,000
Axial Compression, Short Columns 20,000 30,000 45,000 32,000 22,000
Compression in Extreme Fibers 20,000 30,000 45,000 32,000 22,000
Shear 09,000 13,500 21,000 14,000 10,000
Bearing, Steel Partsin Contact 30,000 45,000 68,000 48,000 33,000
Bearings on Pins not subject to Rotation 26,000 40,000 60,000 43,000 28,000
Bearings on Pins subject to Rotation
(such as used in rockers and hinges) 13,000 20,000 30,000 21,500 14,000
10.32.6 Bearing on Masonry 10.33.1.2 The compression flanges of rolled

10.32.6.1 Theallowablebearingstress(psi) onthe
following types of masonry shall be:

Granite ..o 800
Sandstone and Limestone................ 400

10.32.6.2 The above bridge seat stress will apply
only where the edge of the bridge seat projects at least 3
inches (average) beyond the edge of shoe or plate. Oth-
erwise, the stresses permitted will be 75 percent of the
above amounts.

10.32.6.3 For alowablebearing stresson concrete
masonry, refer to Article 8.15.2.1.3.

10.33 ROLLED BEAMS
10.33.1 General

10.33.1.1 Rolled beams, including those with
welded cover plates, shall be designed by the mo-
ment of inertia method. Rolled beams with riveted
cover plates shall be designed on the same basis as
riveted plate girders.

beams supporting timber floors shall not be consid-
ered to belaterally supported by the flooring unless
the floor and fastenings are specialy designed to
provide adequate support.

10.33.2 Bearing Stiffeners

Suitable stiffenersshall be provided to stiffen the
websof rolled beamsat bearingswhenthecal cul ated
shear stress in the web adjacent to the bearing ex-
ceeds 75 percent of the alowable shear stress for
girder webs. See the related provisions of Article
10.34.6.

10.34 PLATE GIRDERS
10.34.1 General

10.34.1.1 Girders shal be proportioned by the mo-
ment of inertiamethod. For members primarily in bending,
the entire gross section shal be used when calculating
tensile and compressive stresses. Holes for high-strength
bolts or rivets and/or open holes not exceeding 1%/, inches,
may be neglected provided the area removed from each
flange does not exceed 15 percent of that flange. That area
inexcessof 15 percent shall bedeductedfromthegrossarea.
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10.34.1.2 The compression flanges of plate gird-
erssupporting timber floors shall not be considered to be
laterally supported by the flooring unless the floor and
fastenings are specially designed to provide support.

10.34.2 Flanges
10.34.2.1 Welded Girders

10.34.2.1.1 Each flange may comprise a series of
plates joined end to end by full penetration butt welds.
Changesinflange areas may be accomplished by varying
the thickness and/or width of the flange plate, or by
adding cover plate. Varying thethicknessand/or width of
the flange plate is preferred. Where plates of varying
thicknesses or widths are connected, the splice shall be
madein accordancewith Article 10.18 and weldsground
smooth before attaching to the web. The compression-
flangewidth, b, onfabricated |-shaped girderspreferably
shall not be less than 0.2 times the web depth, but in no
case shall it belessthan 0.15 times the web depth. If the
areaof the compression flangeislessthan the area of the
tension flange, the minimum flange width may be based
on 2timesthedepth of thewebin compression rather than
the web depth. The compression-flange thickness, t,
preferably shall not be less than 1.5 times the web
thickness. The width-to-thickness ratio, b/t, of flanges
subject to tension shall not exceed 24.

10.34.2.1.2 When cover platesare used, they shall
be designed in accordance with Article 10.13.

10.34.2.1.3 Thewidth-thicknessratio (b/t) of com-
pression flange plate shall not exceed the limiting values
specified in Table 10.34.2A.

10.34.2.1.4 Deleted
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TABLE 10.34.2A Limiting Width-Thickness Ratios for Compression Flanges of Plate Girders

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

When f, = 0.55 F,

Description of Component Limiting (b/f)
F (psi) Limiting b/t
Compression flange plate of 36,000 23
noncomposite welded plate girders 3250 50,000 20
3250 <24 (10-19) 70,000 17
b 90,000 15
100,000 14
Compression flange plate of
composite welded plate girders 3.860 < 24 (10-20)
di
Outstanding legs of flange angles of 36,000 11.5
noncomposite riveted or bolted 50,000 10
girders L625 15 (1021)| 70,000 8.5
NIA 90,000 75
100,000 7.0
Outstanding legs of flange angles of
composite riveted or bolted girders 1,930 <12 (10-22)
dll

= flange plate width for welded plate girders or outstanding leg width of flange angles for riveted and bolted

girders (in.)

f, = calculated compressive bending stress in flange (psi)

g1 = top flange compressive stress due to noncomposite dead load (psi)

Fy = specified minimum yield strength of the component under consideration (psi)

t

= component plate thickness (in.)

SectioN 10 STRUCTURAL STEEL
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10.34.2.1.5 In the case of a composite girder the
width-thickness ratio (b/t) ratio of the top compression
flange plate shall not exceed thelimiting val ues specified
in Table 10.34.2A.

10.34.2.2 Riveted or Bolted Girders

10.34.2.2.1 Flangeanglesshall formaslargeapart
of the area of the flange as practicable. Side plates shall
not be used except whereflange anglesexceeding 7/ginch
in thickness otherwise would be required.

10.34.2.2.2 Thewidth-thicknessratio (b'/t) of out-
standing legs of flange angles in compression, except
those reinforced by plates, shall not exceed the limiting
values specified in Table 10.34.2A

10.34.2.2.3 Deleted

10.34.2.2.4 In the case of a composite girder the
width-thickness ratio (b'/t) of outstanding legs of top
flange anglesin compression, except thosereinforced by
plates, shall not exceed the limiting values specified in
Table 10.34.2A.

10.34.2.2.5 The gross area of the compression
flange, except for compositedesign, shall benot lessthan
the gross area of the tension flange.

10.34.2.2.6 Flange plates shall be of equal thick-
ness, or shall decreaseinthicknessfromtheflangeangles
outward. No plate shall have athicknessgreater than that
of the flange angles.

10.34.2.2.7 At least one cover plate of the top
flange shall extend thefull length of thegirder except when
theflange is covered with concrete. Any cover platethat is
not full length shall extend beyond the theoretical cutoff
point far enough to devel op the capacity of the plate or shall
extend to a section where the stressin the remainder of the
girder flangeisequal to the allowablefatigue stress, which-
ever isgreater. Thetheoretical cutoff point of thecover plate
is the section at which the stress in the flange without that
cover plate equalsthe allowable stress, exclusive of fatigue
considerations.

10.34.2.2.8 The number of fasteners connecting
the flange angles to the web plate shall be sufficient to
develop the increment of flange stress transmitted to the
flange angles, combined with any load that is applied
directly to the flange.
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10.34.2.2.9 Legs of angles 6 inches or greater in
width, connected to web plates, shall have two lines of
fasteners. Cover plates over 14 inches wide shall have
four lines of fasteners.

10.34.3 Web Plates

10.34.3.1 GirdersNot Stiffened
Longitudinally

The girder without longitudinal stiffeners is usualy
preferred. The width-thickness ratio (D/t,) of the web
plate of plategirderswithout longitudinal stiffenersshall
not exceed the limiting values specified in Table
10.34.3A.

10.34.3.1.1 Deleted

10.34.3.1.2 Deleted

10.34.3.2 Girders Stiffened Longitudinally

Thewidth-thicknessratio (D/t,) of theweb plateof plate
girders equipped with longitudinal stiffeners shall not ex-
ceed the limiting values specified in Table 10.34.3A.

10.34.3.21 Deleted

10.34.3.2.2 Deleted
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TABLE 10.34.3A Limiting Width-Thickness Ratios for Web Plates of Plate Girders
Whenf, = F,
o o of=F
Description of Web Plates Limiting O/,) vV
F Limiting
Y.
(psi) (Dit,)
Without longitudina iffeners 23,000 36,000 165
T £170 (10-23)| 50,000 140
® 70,000 115
90,000 105
(SeeFigure 10.34.3A) 100,000 100
With longitudina diffeners
4'0\/5;&/E £ 340 (10-24)
— Pt b
('\_gﬁ :’:f by ";b’ '('3';;'9 ; wd @0 d 36,000 327
width-thickness ratio
. for —= 3 04 k = 517 ¢—=+ 39—+ 50,000 278
sndll apply to asymmeticd D .5 &5 70,000 235
g|_rder stlffened w!th 'Frawsv_erse d . D &1 90,000 207
diffeners in combingtion with for > < 04 k = 1164 c———r—- 100.000 19
i i 1 Dc e Dc - dS %) !
one longitudina iffener
located a distance D/5 from the , i ,
compresson flange) for symmetrical girder see Figure 10.34.3.1A
Without transverse stiffeners 36,000 78
8510 50,000 66
N £80 70,000 56
v 90,000 50
100,000 47

D = depth of web or the clear unsupported distance between flange components (in.)

D. = depth of web in compression cal culated by summing the stresses from applicable stages of loadings(in.). In
composite sections subjected to negative bending, D, may be taken as the depth of the web in compression
of the composite section without summing the stresses from various stage of loadings

ds = distancefromthecenterlineof aplatelongitudinal stiffener or the gageline of an anglelongitudinal stiffener
to the inner surface or the leg of the compression flange component (in.)

fy = calculated flange bending stressin the compression flange (psi)

fy = calculated average shear stressin the gross section of the web plate (psi)

F, = allowable bending stress (psi)

F, = allowable shear stress (psi)

Fy = specified minimum yield strength of steel (psi)

k = buckling coefficient

tw = web platethickness(in.)

Section 10 StrRucTURAL STEEL 10-59




c BrIiDGE DESIGN SpeciFicaTIONS © FEBRUARY 2004
a/trans

130 I 260 10.34.4.2 Where transverse intermediate stiffen-
V= ersare required, the spacing of the transverse intermedi-
120 |4, = 116" 240 ate stiffener shall be such that the calculated shearing -+
. 9w stress will not exceed the value given by the following
o[, a4 \ no 293 equation (the maximum spacing is limited to 3D subject
. Tt,=>/8 \ 2g . . )
F o = [\ [\ g to the handling requirements below):
gl =
el 100 = = 916" 200 Z2
i TN =5 F, 0.87(1-C)
Qg 180 22 F=— | Cr——= 10-26
2. so 160 £Z
g 1, =716 T <Eg
Sz R Sgé = The constant C is equal to the buckling shear stress
=g ' £2= | divided by the shear yield stress, and is determined as
c% —_— =g % | follows:
2t o HH w E5E
£ 3 1, =56" ~ =53
3 Sg2 D _ 6,000k
Y 100 €£5% — <
pEg | for ‘ [F
- AEE w ¥
40 ™ 80
N C=10
30 = 60
10 20 30 40 50
7, (ksi) 6,000k _ D 7,500k
WEB THICKNESS AND GIRDER DEPTH for JF =L ° |F
y w y

(A Function of Bending Stress)

D = depth of web

1, = thickness of web W/
/b = calculated compressive bending stress in flange = % kﬁ 10-27

FIGURE 10.34.3.1A Web Thicknessvs. Girder
Depth for Non-Composite Symmetrical Sections

D 7,500k

for t \/Fy

10.34.4 Transverselntermediate Stiffeners

10.34.4.1 Transverse intermediate stiffeners may 4.5%10" k
beomitted if the average cal cul ated shearing stressinthe = W (10-28)
gross section of the web plate at the point considered, f,, v y

is less than the value given by the following equation:

where:
~7.33x10’ < F,
v 7(D/t Y3 (10-25) 5

w k=5+—"=5

(d,/D)
where: do = spacing of intermediate stiffener (in.) +
Fy = specified minimum yield strength of the web +
Fy = alowable shear stress (psi) plate (psi) +
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(Fy/3) in Equation (10-26) can be replaced by the
allowable shearing stress given in Table 10.32.1A.

Transverse stiffeners shall be required if D/, is
greater than 150. The spacing of these stiffenersshall not
exceed _— _ Dé 260 &

the handling requirement Y é—— -
Ired &/, 4

10.34.4.3 The spacing of the first intermediate
stiffener at thesimplesupport end of agirder shall besuch
that the shearing stressin the end panel shall not exceed
thevaluegivenby thefollowing equation (themaximum
spacing islimited to 1.5D):

_CF, _F

F, £
3 3

(10-29)

10.34.4.4 If agirder panel is subjected to simul-
taneous action of shear and bending moment with the
magnitude of the shear stress higher than 0.6F,, the
calculated bending stress shall not exceed the reduced
allowablebending stress, F determined by thefollowing
equation:

0.34f, 6
= ng (10-30)

\

F, =0.754-
e

where:

fy = averagecalculated shearingstressat thesection;
live load shall be the load to produce maxi-
mum moment at the section under consider-
ation (psi)

F, = alowable shear stress obtained from Equation
(10-26) (psi)

Fs = reduced allowable bending stress (psi)

10.34.45  Wherethecal culated shear stressequals
the allowabl e shear stress, transverse intermediate stiff-
eners may be omitted if the width-thicknessratio (D/ty,)
of the web plate does not exceed the limiting values
specifiedin Table 10.34.3A.

10.34.4.6  Intermediate stiffeners preferably shall
be made of plates for welded plate girders and shall be
made of anglesfor riveted plate girders. They may bein
pairs, onestiffener fastened on each side of theweb plate,
with a tight fit at the compression flange. They may,
however, be made of a single stiffener fastened to one
sideof thewebplate. Stiffenersprovidedononly oneside
of theweb must be welded to the compression flangeand
fitted tightly tothetensionflange.

10.34.4.7 Thewidth-thicknessratio (b'/ts) of the
transverse stiffener shall not exceed the limiting values
specified in Table 10.34.5A. The moment of inertia of
any type of transverse stiffener with reference to the
planedefinedin Article 10.34.4.8 shall meet thefollow-
ing requirement:

13d t3J (10-31)
where:
a&D ]
J=25g—=-2305 (10-32)
&, 5

I = minimum required moment of inertia of any

type of transverse intermediate stiffener (in4)

ratioof rigidity of onetransversestiffenertothat

of the web plate

do = spacing of transverse stiffeners (in.)

D = unsupporteddepth of web platebetween flange
components (in.)

tw = thickness of the web plate (in.)

J
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The gross cross-sectional area of intermediate trans-
verse stiffeners, A (in.2) shall meet thefollowing require-
ment:

é D o
A? @0.15B—(1- Cle—r3 18—t (10-
e & eRp qF, "0
where:
9,025,000
Fcr = T £ Fystiffener
& (10-32b)
els g
b = projecting width of the stiffener (in.)
ts = thickness of the stiffener (in.)
Fyweb = specified minimum yield strength of the
web (psi)
Fysiffener = specified minimum yield strength of the
stiffener (psi)
B = 1.0 for stiffener pairs

1.8for single angles and
2.4 for single plates
C = constant computed by Article 10.34.4.2.

When values computed by Equation (10-32a) approach
Zero or are negative, then transverse stiffeners need only
meet the requirements of Equation (10-31), and the
requirements of Article 10.34.4.10.

10.34.4.8 Whenstiffenersarein pairs, the moment
of inertia shall be taken about the centerline of the web
plate. When single stiffeners are used, the moment of
inertiashall be taken about the face in contact with the
web plate.

10.34.4.9 Transverseintermediate stiffeners shall
be preferably fitted tightly to the tension flange. If the
intermediate stiffener isused for attaching acrossframe
or diaphragm, apositive connectionusing either boltsor
welds must be made to the tension flange. The distance
betweentheend of thevertical weldonthestiffenertothe
web-to-flange weld shall be 4t,, but not less than 11/,
inches. Stiffenersat pointsof concentrated loading shall
be placedin pairsand should be designed in accordance
with Article 10.34.6.
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10.34.4.10 Thewidth of aplate or the outstanding
legof anangleintermediatestiffener shall notbelessthan
2 inches plus /3¢ the depth of the girder, and it shall
preferably not be less than?/, thefull width of thegirder
flange. Thethickness of aplate or the outstanding | eg of
an angleintermediate stiffener shall not belessthan/ g
itswidth.

10.345 Longitudinal Stiffeners

10.345.1 The optimum distance, ds, of a plate
longitudinal stiffener or the gageline of an anglelongi-
tudinal stiffener from the inner surface or the leg of the
compression flange component is D/5 for asymmetrical
girder. The optimum distance, ds, for an unsymmetrical
composite girder in positive-moment regions may be
determined from the equation given below:

d __ 1

fDL+LL

Des 145 (10-32¢)

DL

where:

D.s = depth of the web in compression of the non-
composite steel beam or girder (in.)
foL = non-composite dead-load stress in the com-
pression flange (psi)
foL+LL = total non-composite and composite dead
load plus the composite live-load stressin
compression flange at the most highly
stressed section of the web (psi)

The optimum distance, d, of thestiffenerinnegative-
moment regionsof composite sectionsis2 D/5, whereD,
isthe depth of the web in compression of the composite
section at the most highly stressed section of the web.

The longitudinal stiffener shall be proportioned so
that:

d? 6
| =Dt 240 - 0132 10-33
é D? p ( )

where:

I = required moment of inertia of the longitudinal
stiffener about its edgein contact with the web
plate (in4)
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D

unsupported distance between flange compo-
nents (in.)

thickness of the web plate (in.)

spacing of transverse stiffeners (in.)

ty

do

10.34.5.2 The width-thickness ratio (b'/ts) of the
longitudinal stiffener shall not exceed thelimiting values
specified in Table 10.34.5A.

10.34.5.3 The stress in the stiffener shall not be
greater than the basic allowable bending stress for the
material used in the stiffener.

TABLE 10.34.5A Limiting Width-Thickness
Ratiosfor Stiffeners

Description of Component Limiting (b"/ ts)
Longitudinal and Transverse 2,600
stiffeners \/Fy (10-34)
Bearing stiffeners 2,180 (10-35)
JE, & (10-36)
Compression flange 2,600
stiffeners (10-88)

F,

b' = width of stiffener plate or outstanding legs of
angle stiffener (in.)

Fy = specified minimum yield strength of stiffener
(psi)

ts = thickness of stiffener plate or outstanding legs
of angle stiffener (in.)

10.34.5.4 Longitudinal stiffenersareusually placed
on one side only of the web plate. They shall preferably
be continuouswhererequired. Thetermination andinter-
section of the longitudinal stiffener with transverse at-
tachmentsshall consider the effects of fatigue. Theinter-
rupted element shall maintain the same strength charac-
teristics as an uninterrupted element.

10.34.5.5 For longitudinally stiffened girders,
transverse stiffeners shall be spaced a distance, d,, ac-
cordingto shear capacity asspecifiedinArticle10.34.4.2,
but not more than 1.5 times the web depth. The handling
requirement given in Article 10.34.4.2 shall not apply to
longitudinally stiffened girders. The spacing of the first

transverse stiffener at the simple support end of alongi-
tudinally stiffened girder shall be such that the shearing
stressin the end panel does not exceed thevaluegivenin
Article 10.34.4.3. Thetotal web depth D shall beusedin
determining the shear capacity of longitudinally stiff-
ened girdersin Articles 10.34.4.2 and 10.34.4.3.

10.34.5.6 Transverse stiffeners for girder panels
with longitudinal stiffeners shall be designed according
to Article 10.34.4.7.

10.34.6 Bearing Stiffeners
10.34.6.1 Welded Girders

Over theend bearingsof welded plategirdersand over
the intermediate bearings of continuous welded plate
girders there shall be stiffeners. They shall extend as
nearly as practicable to the outer edges of the flange
plates. They shall be made of plates placed on both sides
of the web plate. Bearing stiffeners shall be designed as
columns, and their connection to the web shall be de-
signed to transmit the entire end reaction to the bearings.
For stiffeners consisting of two plates, the column section
shall be assumed to comprise thetwo platesand acentrally
located strip of the web plate whose width is equal to not
morethan 18 timesitsthickness. For stiffenersconsisting of
four or more plates, the column section shall be assumed to
comprisethefour or moreplatesand acentrally located strip
of theweb platewhosewidth isequal tothat enclosed by the
four or more plates plus awidth of not more than 18 times
the web plate thickness. (See Article 10.40 for Hybrid
Girders.) Theradiusof gyration shall becomputed about the
axis through the centerline of the web plate. The stiffeners
shall beground to fit against the flange through which they
receive their reaction, or attached to the flange by full
penetration groovewel ds. Only theportionsof thestiffeners
outside the flange-to-web plate welds shal be considered
effective in bearing. The width-thicknessratio (b'/ts) of the
bearing stiffener platesshall not exceed the limiting values
specified in Table 10.34.5A.

The allowable compressive stress and the bearing
pressure on the stiffeners shall not exceed the values
specified in Article 10.32.
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10.34.6.2 Riveted or Bolted Girders

Over theend bearingsof riveted or bolted plategirders
there shall be stiffener angles, the outstanding legs of
which shall extend as nearly as practicable to the outer
edgeontheflangeangle. Bearing stiffener anglesshall be
proportioned for bearing on the outstanding legs of
flange angles, no allowance being made for the portions
of the legs being fitted to thefillets of the flange angles.
Bearing stiffeners shall be arranged, and their connec-
tions to the web shall be designed to transmit the entire
end reaction to the bearings. They shall not be crimped.

The width-thickness ratio (b'/ts) of the bearing stiff-
ener angles shall not exceed thelimiting values specified
in Table 10.34.5A.

The allowable compressive stress and the bearing
pressure on the stiffeners shall not exceed the values
specified in Article 10.32.

10.35 TRUSSES

10.35.1 Perforated Cover Plates and
Lacing Bars

Theshearing forcenormal to themember inthe planes
of lacing or continuous perforated plates shall be as-
sumed divided equally between all such parallel planes.
The shearing force shall include that dueto the weight of
the member plus any other external force. For compres-
sionmembers, an additional shear forceshall beadded as
obtained by the following formula:

_ P[ 100 _ (/r)F,
100\ 7/r+10 " 3300000  (10-37)
where:

V = normal shearing force (Ib.)

P = allowable compressive axial load on members
(Ib.)

I =length of member (in.)

r =radius of gyration of section about the axis
perpendicular to plane of lacing or perforated
plate (in.)

Fy = specified minimum yield strength of type of
steel being used (psi)
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10.35.2 Compression Members

10.35.2.1 Compression members shall be so de-
signed that the main elements of the section will be
connected directly to the gusset plates, pins, or other
members.

10.35.2.2 The center of gravity of a built-up sec-
tionshall coincideasnearly aspracticablewith the center
of the section. Preferably, segments shall be connected
by solid webs or perforated cover plates.

10.35.2.3 The with-thickness ratio (b/t) of ele-
ments of compression members shall not exceed the
limiting values specified in Table 10.35.2A.

10.35.2.4 Deleted
10.35.25 Deleted
10.35.2.6 Deleted
10.35.2.7 Deleted
10.35.2.8 Deleted
10.35.2.9 Deleted
10.35.2.10 Deleted
10.35.2.11 Deleted

+
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TABLE 10.35.2A Limiting Width-Thickness Ratios for Compression Member Elements

Description of Component

Limiting (b/f)

When f, = 0.44 Fy

F Limiting

(psi) b/t
Plates supported on one side, 36,000 12
outstanding legs of angles and 1,625 12 for main members 50,000 11
perforated plates—for outstanding F = { 16 for secondary member 70,000 9
plates, outstanding legs of angles, and ¢ 90,000 8
perforated plates at the perforations (10-38) [ 100,000 7.5
Plates supported on two edges or 36.000 1
webs of main component segments 5 O’ 000 27
—for members of box shape consisting 4,000 < 45 (10-39) 70’000 53
of main plates, rolled sections, or \/7{1 B 90’000 20
made up component segments with 106 000 19
cover plates ’
Solid cover plates supported on two 36.000 40
edges or webs connecting main 5 ()’O 00 34
members or segments—for members of 5,000 < 50 (10-40) 70’000 8
H or box shapes consisting of solid \/7,1 - 90’000 75
cover plates or solid webs connecting 1 OO’ 000 24
main plates or segments ’
Perforated cover plates supported on
two edges—for members of box shapes 2(6)’888 j?
consisting of perforated cover plates 6,000 < 55 (10-41) 70’000 34
connecting main plates or segments, \/7,1 - 90’000 30
perforated cover plates supported on ) 06 000 29

one side

b

Fy
t

= distance between points of support (in.).
fa, = calculated compressive stress in the component under consideration (psi)

= gpecified minimum yield strength of the component under consideration (psi)

= component plate thickness (in.)

Note: The point of support shall betheinner line of fastenersor fillet welds connecting the plate to the main segment.
For plates butt welded to the flange edge of rolled segments the point of support may be taken as the weld
whenever the ratio of outstanding flange width to flange thickness of the rolled segment is less than seven.
Otherwise, point of support shall be the root of flange of rolled segment. Terminations of the butt welds areto

be ground smooth.

SectioN 10 STRUCTURAL STEEL
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10.36 COMBINED STRESSES

All members subjected to both axial compression and
* flexure shall be proportioned to satisfy the following

reguirements:
% + C";ﬁ’* + Con o <1.0
T P Ja -
(1 - JF (1— Lo\, (10-42)
ex ey
and
Lo + S + & < 1.0 (at points of support)
0.472F, F, F,
(10-43)
where:
P n*E
© FS.(KL,/1) (10-44)
+ fa = calculated axial stress (psi)
+ fox, foy = calculated compressive bending stress
about the x axis and y axis, respectively
+ (psi)
+ Fa = dlowableaxial if axial forcealone exists,
+ regardless of the plane of bending (psi)
+ Fix Foy = alowable compressive bending stress if
+ bending moment al one exists about the x
axisandthey axis, respectively, asevalu-
+ ated according to Table 10.32.1A (psi)
F'e = Euler buckling stress divided by a factor
+ of safety (psi)
+ E = modulus of elasticity of steel (psi)
Kp = effective length factor in the plane of
+ bending (see Appendix C);
Lp = actual unbraced length in the plane of
bending (in.)
rp = radius of gyration in the plane of bending
+ (in.)

Cix Ciy = coefficient about the x axis and y axis,
respectively, whose value is taken from
Table 10.36A;

F.S. = factor of safety = 2.12.
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TABLE 10.36A Bending-Compression Interaction Coeffcients

Loading Conditions

Remarks

Cm

Computed moments maximum at end; joint translation
not prevented

Computed moments maximum at end; no transverse
loading, joint translation prevented

Transverse loading; joint translation prevented

Transverse loading; joint translation prevented

ria i
A,v-un|||||||.l||||nw'u,s

0.85

{(0.4)]‘]‘51 + 0.6}

0.85

1.0

M1 = smaller end moment.

M1/M2 is positive when member is bent in single curvature.
M1/M2 is negative when member is bent in reverse curvature.
In al cases Cryy may be conservatively taken equal to 1.0.

10.37 SOLID RIB ARCHES

10.37.1 Moment Amplification and Allowable
Stress

10.37.1.1 The calculated compressive bending
stress due to live load plus impact loading that are
determined by an analysiswhich neglectsarchrib deflec-
tion shall be increased by an amplification factor Ag:

LT (10-45)

where:

T = archribthrust at thequarter point from dead plus
live plusimpact loading (Ib.)
Fe = Euler buckling stress (psi)

(10-46) +

L = one half of the length of the arch rib (in)
A = areaof cross section (in.2)
r = radius of gyration (in.)
K = effective length factor of the arch rib +
K Valuesfor Usein Calculating Feand F4 +
Riseto Span 3-Hinged 2-Hinged  Fixed
Ratio Arch Arch Arch
0.1-0.2 1.16 1.04 0.70
0.2-0.3 1.13 1.10 0.70
03-04 1.16 1.16 0.72
Section 10 STRUCTURAL STEEL 10-67
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10.37.1.2 The arch rib shall be proportioned to
satisfy the following requirement:

/
+ £ < 1.0 (10-47)

IR
o

where:

f, = thecalculated axial stress (psi)

f, = the calculated bending stress, including mo-
ment amplification, at the extreme fiber (psi)

F, = theallowable axial stress (psi)

Fy, = the allowable bending stress (psi)

10.37.1.3 For buckling in the vertical plane:

2
Fo= Ly

“  F.S. 47 E

(10-48)

where KL as defined above and F.S. isfactor of safety =
2.12.

10.37.1.4 Theeffectsof lateral slendernessshould
beinvestigated. Tied arch ribs, with the tie and roadway
suspended from therib, are not subject to moment ampli-
fication, and F, shall be based on an effective length
equal to the distance along the arch axis between sus-
penders, for buckling in the vertical plane. However, the
smaller cross-sectional area of cable suspenders may
result in an effective length dlightly longer than the
distance between suspenders.

10.37.2 Web Plates

10.37.2.1 The width-thickness ratio (D/t,) of the
web plates shall not exceed thelimiting values specified
in Table 10.37.2A.

10.37.2.2 If one longitudinal stiffener is used at
mid-depth of the web, the moment of inertia of the
stiffener about an axis parallel to the web and at the base
of the stiffener shall meet the following requirement:

1,>0.75Dt, (10-51)
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10.37.2.3 If twolongitudinal stiffenersare used at
the one-third points of the web depth D, the moment of
inertiaof each stiffener shall meet thefollowing require-
ment:

1,>2.2D¢) (10-53)

10.37.2.4 The width-thickness ratio (b'/ty) of any
outstanding element of the web stiffeners shall not ex-
ceed the limiting values specified in Table 10.37.2A.
10.37.25 Deleted
10.37.3 Flange Plates

Thewidth-thicknessratio (b'/t;) of flangeplates shall not
exceed the limiting values specified in Table 10.37.2.A.

10.37.3.1 Deleted

10.37.3.2 Deleted
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TABLE 10.37.2A Limiting Width-fhickne$ Ratios for Solid Rib Arches
Width
Description of Component Thickness LimitingWidth-ThicknessRatio
Ratio
5,000
Without longitudinal stiffiners T £60 (10-49)
. - . 7,500
With one longitudinal stiffener at the DIt, ——£90 (10-50)
one-third point of the web depth N, f,
Web
Plates With twolongitudinal stiffenersat the 10,000 £120 10-52
one-third point of the web design ,/ f, (10-52)
b/ 1625 (10-54)
Outstanding element of stiffiners t, TF+1/3 -
a b
Web plate equations apply between limits Q.2 £ L £0.7 (10-55)
,/ f,+f,/3
4,250
Flange ———£47 ,
Plates Plates between webs m (10-56)
bdt, 1,625
Overhang plates ﬁ £12 (10-57)
f,+f,

b' = width of flange plate or width of outstanding element of web stiffeners (in.)

fa = calculated axial compressive stressin the component under consideration (psi)

fy = calculated compressive bending stressin the component under consideration (psi)
tr = flange plate thickness (in.)

ts = web stiffener outstanding element thickness (in.)

tw = web platethickness(in.)

Section 10 StrRucTURAL STEEL 10-69
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10.38 COMPOSITE BEAMSAND GIRDERS
10.38.1 General

10.38.1.1 Thissection pertainsto structures com-
posed of steel beams or girders with concrete slabs
connected by shear connectors.

10.38.1.2 General specifications pertaining to the
design of concrete and steel structures shall apply to struc-
tures utilizing composite girders where such specifications
are applicable. Composite girders and dabs shall be de-
signed and the stresses computed by the composite moment
of inertiamethod and shall be consistent with the predeter-
mined properties of the various materials used.

10.38.1.3 Theratio of the modulus of elasticity of
steel (29,000,000 psi) to those of normal weight concrete
(W = 145 pcf) of various design strengths shall be as
follows:

f'c = specified compressive strength of concrete as
determined by cylinder tests at the age of 28
days (psi)

n = ratio of modulus of elasticity of steel to that of
concrete. The value of n, as a function of the
specified compressivestrength of concrete, shall
be assumed as follows:

f'c = 2,000 - 2,300 n=11
2,400 - 2,800 n=10
2,900 - 3,500 n=29
3,600 - 4,500 n= 8
4,600 - 5,900 n=7
6,000ormore n=6

10.38.1.4 The effect of creep shall be considered
inthedesign of composite girderswhich have dead |oads
acting on the composite section. In such structures, bend-
ing stressesand horizontal shearsproduced by dead |oads
acting on the composite section shall be computed for n
as given above or for this value multiplied by 3, which-
ever gives the higher bending stresses and shears.

10.38.1.5 If concrete with expansive characteris-
ticsis used, composite design should be used with cau-
tion and provision must be made in the design to accom-
modate the expansion.

10.38.1.6  Composite sectionsin simple spans and
the positive moment regions of continuous spans should

10-70 Section 10 STRUCTURAL STEEL

preferably be proportioned so that the neutral axis lies
below the top surface of the steel beam. Concrete on the
tension side of the neutral axis shall not be considered in
calculating resisting moments. In the negative moment
regions of continuous spans, only the slab reinforcement
can beconsidered to act compositely withthe steel beams
in calculating resisting moments. Mechanical anchor-
ages shall be provided in the composite regions to de-
velop stresses on the plane joining the concrete and the
steel. Concrete on thetension side of the neutral axismay
be considered in computing moments of inertia for de-
flection calculations, for determining stiffness used in
calculating moments and shears, and for computing fa-
tigue stress ranges and fatigue shear ranges as permitted
under the provisions of Article10.3.1and 10.38.5.1.

10.38.1.7 Thesteel beamsor girders, especialy if
not supported by intermediate falsework, shall be inves-
tigated for stability and strength for the loading applied
during the time the concrete isin place and beforeit has
hardened. The casting or placing sequence specified in
the plansfor the composite concrete deck shall be consid-
ered when calculating the moments and shears on the
steel section. The maximum flange compression stress
shall not exceed thevaluespecifiedin Table10.32.1A for
partially supported or unsupported compression flanges
multiplied by afactor of 1.4, but not exceed 0.55F . The
sum of the non-compositeand composite dead-|oad shear
stresses in the web shall not exceed the shear-buckling
capacity of theweb multiplied by afactor of 1.35, nor the
allowable shear stress, asfollows:

F,=0.45CF, <0.33F, (10-57a)

where:
C = constant specified in Article 10.34.4.2.
10.38.2 Shear Connectors

10.38.2.1 The mechanica meansused at the junc-
tion of the girder and slab for the purpose of developing
the shear resistance necessary to produce composite
action shall conform to the specifications of the respec-
tivematerials. The shear connectorsshall be of typesthat
permit athorough compaction of the concretein order to
ensure that their entire surfaces are in contact with the
concrete. They shall be capable of resisting both horizon-
tal and vertical movement between the concrete and the
steel.
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10.38.2.2 The capacity of stud and channel shear
connectors welded to the girders is given in Article
10.38.5. Channel shear connectors shall have at least
3/16-inchfillet welds placed along the heel and toe of the
channel.

10.38.2.3 The clear depth of concrete cover over
the tops of the shear connectors shall be not less than 2
inches. Shear connectorsshall penetrate at least 2 inches
above bottom of slab.

10.38.2.4 Theclear distance between theedgeof a
girder flangeand the edge of the shear connectorsshall be
not lessthan 1 inch. Adjacent stud shear connectors shall
not be closer than 4 diameters center to center.

10.38.3 Effective Flange Width

10.38.3.1 Incompositegirder construction the as-
sumed effectivewidth of theslabasaT-beamflangeshall
not exceed the following:

(1) One-fourth of the span length of the girder.
(2) Thedistance center to center of girders.
(3) Twelvetimesthe least thickness of the slab.

10.38.3.2 For girders having a flange on one side
only, the effective flange width shall not exceed one-
twelfth of the span length of the girder, or six times the
thickness of the slab, or one-half the distance center to
center of the next girder.

10.38.4 Stresses

10.38.4.1 Maximumcompressiveandtensilestresses
in girders that are not provided with temporary supports
during the placing of the permanent dead load shal be the
sum of the stresses produced by the dead | oads acting onthe
steel girdersaloneand thestresses produced by the superim-
posed loads acting on the composite girder. When girders
are provided with effective intermediate supports that are
kept in place until the concrete has attained 75 percent of its
required 28-day strength, the dead and live load stresses
shall be computed on the basis of the composite section.

10.38.4.2 A continuous composite bridge may be
built with shear connectorseither in the positive moment
regions or throughout the length of the bridge. The
positive moment regions may be designed with compos-
ite sections asin simple spans. Shear connectors shall be

provided in the negative moment portion in which the
reinforcement steel embedded in the concreteis consid-
ered apart of thecomposite section. In casethereinforce-
ment steel embedded in the concrete is not used in
computing section propertiesfor negativemoments, shear
connectors need not be provided in these portions of the
spans, but additional anchorageconnectorsshall beplaced
in the region of the point of dead load contra-flexurein
accordance with Article 10.38.5.1.3. Shear connectors
shall be provided in accordance with Article 10.38.5.

10.38.4.3 The minimum longitudinal reinforce-
ment including the longitudinal distribution reinforce-
ment must equal or exceed one percent of the cross-
sectional area of the concrete slab whenever the longitu-
dinal tensile stress in the concrete slab due to either the
constructionloadsor thedesignloadsexceedsf, specified
in Article 8.15.2.1.1. The area of the concrete slab shall
beequal to the structural thicknesstimesthe entirewidth
of the bridge deck. The required reinforcement shall be
No. 6 bars or smaller spaced at not more than 12 inches.
Two-thirds of thisrequired reinforcement isto be placed
inthetop layer of slab. Placement of distribution steel as
specified in Article 3.24.10 is waived.

10.38.4.4 When shear connectorsareomitted from
the negative moment region, the longitudinal reinforce-
ment shall be extended into the positive moment region
beyond the anchorage connectors at least 40 times the
reinforcement diameter. For epoxy-coated bars, thelength
to be extended into the positive moment region beyond
the anchorage connectors should be modified to comply
with Article 8.25.2.3.

10.38.5 Shear
10.38.5.1 Horizontal Shear

The maximum pitch of shear connectors shall not
exceed 24 inches except over the interior supports of
continuous beams where wider spacing may be used to
avoid placing connectors at |ocations of high stressesin
the tension flange.

Resistance to horizontal shear shall be provided by me-
chanical shear connectors at the junction of the concrete
slab and the steel girder. The shear connectors shall be
mechanical devicesplaced transversely acrosstheflange
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of the girder spaced at regular or variable intervals. The
shear connectors shall be designed for fatigue® and

+ checked for design strength.

+

10.38.5.1.1 Fatigue

The range of horizontal shear shall be computed by
the formula:
14
S, = TQ (10-58)

where:

S = rangeof horizontal shear (Ib/in.), at thejunction
of the slab and girder at the point in the span
under consideration

V; = rangeof shear duetoliveloadsandimpact (Ib.);
at any section, the range of shear shall be taken
asthedifferenceinthe minimum and maximum
shear envelopes (excluding dead |oads)

Q = statica moment about the neutral axis of the
composite section of the transformed concrete
area (in3). Between points of dead-load
contraflexure, the static moment about the neu-
tral axis of the composite section of the area of
reinforcement embedded inthe concrete may be
used unless the transformed concrete area is
considered to befully effective for the negative
moment in computing thelongitudinal rangesof
stress.

I = moment of inertiaof thetransformed short-term
compositesection (in4). Between pointsof dead-
load contraflexure, the moment of inertiaof the
steel girder including the area of reinforcement
embedded in the concrete may be used unless
the transformed concrete area is considered to
be fully effective for the negative moment in
computing the longitudinal ranges of stress.

(In the formul a, the concrete areais transformed into
an equivalent area of steel by dividing the effective
concrete flange width by the modular ratio, n.)

* Reference is made to the paper titled “Fatigue Strength of
Shear Connectors,” by Roger G. Slutter and John W. Fisher, in
Highway Research Record, No. 147, published by the Highway
Research Board, Washington, D.C., 1966.
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Theallowablerange of horizontal shear, Z; (Ib.) onan
individual connector is as follows:

Channels:

Z,=Bw (10-59)
Welded studs (for H/d > 4):

Zi=ad? (10-60)

where:

w = length of achannel shear connector (in.), mea
sured in atransverse direction on theflange of a
girder

d = diameter of stud (in.)

a = 13,000 for 100,000 cycles
10,600 for 500,000 cycles
7,850 for 2,000,000 cycles
5,500 for over 2,000,000 cycles;

B = 4,000 for 100,000 cycles
3,000 for 500,000 cycles
2,400 for 2,000,000 cycles
2,100 for over 2,000,000 cycles;

H = height of stud (in.).

The required pitch of shear connectors is determined
by dividing the allowabl e range of horizontal shear of all
connectors at one transverse girder cross-section (2Z;)
by the horizontal range of shear S, but not to exceed the
maximum pitch specified in Article 10.38.5.1. Over the
interior supports of continuous beams the pitch may be
modified to avoid placing the connectors at |ocations of
high stressesin the tension flange provided that the total
number of connectors remains unchanged.

10.38.5.1.2 Design Strength
The number of connectors so provided for fatigue

shall be checked to ensure that adequate connectors are
provided for design strength.
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The number of shear connectorsrequired shall meet
thefollowing requirement:

F)
N, 3 }
17§ S (10-61)
where:
N; = number of connectors between points of maxi-

mum positive moment and adjacent end supports

design strength of the shear connector asgiven

below (Ib.)

f = reduction factor = 0.85;

P = horizontal shear forcetransferred by shear con-
nectors as defined hereafter as P, or P-.

&

At points of maximum positive moment, the forcein
the slab is taken as the smaller value of the formulas:

P = AsFy (10-62)

or

P, = 0.85f (bt, (10-63)

where:

A; = total areaof the steel section including cover -
plates (in.2)

Fy = specified minimum yield strength of the steel
being used (psi)

f( = specified compressive strength of concrete at
age of 28 days (psi)

b = effectiveflangewidthgiveninArticle10.38.3(in.)

ts = thickness of the concrete slab (in.)

The number of connectors, Ny, required between the
points of maximum positive moment and points of adja-
cent maximum negative moment shall meet the follow-
ing requirement:

(10-64)

At points of maximum negative moment the force
inthe slab istaken as:

P, = A{Fyr* (10-65)
where:

Al = total areaof longitudinal reinforcing steel at
theinterior supportwithintheeffectiveflange
width (in2)

Fyr* = gpecifiedminimumyieldstrengthof therein-

forcing steel (psi)
The design strength of the shear connector isgiven

asfollows:
Channels:

(10-66)

t e
= 5508h+- 3w [T ¢
A g 2g J—

Welded studs (for H/d > 4):

S, =0.4d?,[T"_E, £60,000A, (10-67)

where:

E. = modulus of elasticity of the concrete (psi)

E. = w¥233,[f¢ (10-68)

S = design strength of individual shear connector
(Ib.)

h = average flange thickness of the channel flange
(in.)

t = thickness of the web of achannel (in.)

W = length of achannel shear connector (in.)

f{ = specified compressive strength of the concrete
at 28 days (psi)

diameter of stud (in.)

unit weight of concrete (pcf)

area of welded stud cross section (in.2)

&=
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10.38.5.1.3 Additional Connectorsto
DevelopSabStresses

The number of additional connectors required at
pointsof contraflexurewhenreinforcing steel embedded
in the concreteis not used in computing section proper-
ties for negative moments shall be computed by the
formula:

NC:AfI’
z

(10-69)

r

where:

N:. = number of additional connectorsfor each beam
at point of contraflexure

Af’ = total areaof longitudinal slabreinforcingsteel
for each beam over interior support (in.2)

fi = rangeof stressdueto liveload plusimpact in
the slab reinforcement over the support (psi)
(inlieu of moreaccurate computations, f, may
be taken as equal to 10,000 psi);

Z. = allowable range of horizontal shear on an
individual shear connector (Ib.)

Theadditional connectors, N, shall beplaced adjacent
tothe point of dead load contrafl exure within adistance
equal to one-third the effective slab width, i.e., placed
either side of this point or centered about it. It is prefer-
ableto locatefield splices so that they clear the connec-
tors.

10.385.2 Vertical Shear

Theintensity of shearing stressin acomposite girder
may be determined on the basis that the web of the steel
girder carries the total external shear, neglecting the
effects of the steel flanges and of the concrete slab. The
shear may be assumed to be uniformly distributed
throughout the gross area of the web.

10.38.6 Deflection

10.38.6.1 Theprovisionsof Article10.6inregard
to deflections from live load plus impact also shall be
applicableto composite girders.

10.38.6.2 Whenthegirdersare not provided with
falsework or other effectiveintermediate support during

10-74 Secrion 10 StrucTuRAL STEEL

theplacing of the concreteslab, thedeflectionduetothe
weight of the slab and other permanent dead | oads added
beforetheconcrete hasattained 75 percent of itsrequired
28-day strength shall be computed on the basis of
noncompositeaction.

10.39 COMPOSITEBOX GIRDERS
10.39.1 General

10.39.1.1 This section pertains to the design of
simple and continuous bridges of moderate length sup-
ported by two or moresinglecell composite box girders.
The distance center-to-center of flanges of each box
should be the same and the average distance center-to-
center of flanges of adjacent boxes shall be not greater
than 1.2 times and not less than 0.8 times the distance
center-to-center of flangesof each box. Inadditiontothe
above, when nonparallel girders are used, the distance
center-to-center of adjacent flanges at supports shall be
nogreater than 1.35timesand not lessthan 0.65timesthe
distance center-to-center of flanges of each box. The
cantilever overhang of thedeck slab, including curbsand
parapets, shall be limited to 60 percent of the average
distance center-to-center of flanges of adjacent boxes,
but shall in no case exceed 6 feet.

10.39.1.2 The provisions of these Specifications
shall govern where applicable, except as specifically
modified by Articles 10.39.1 through 10.39.8.

10.39.2 Lateral Distribution of L oadsfor
BendingM oment

10.39.2.1 Theliveload bending moment for each
box girder shall be determined by applyingtothegirder,
the fraction W, of a wheel load (both front and rear),
determined by the following equation:

0.85
where;
R= N, 10-71
Numberof Box Girders (10-71)




&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

a/trans

Nw = W/12 reduced to the nearest whole number
W, = roadway width between curbs (ft.), or barriers
if curbs are not used.

R shall not be less than 0.5 or greater than 1.5.

10.39.2.2 The provision of Article 3.12, Reduc-
tionof Load I ntensity, shall not apply inthedesign of box
girderswhenusingthedesignload W,_ given by theabove
equation.
10.39.3 Web Plates

10.39.3.1 Vertical Shear

The design shear V,, for aweb shall be calculated using
the following equation:

(10-72)

where:

V, = vertical shear (Ib.)
6 = angle of inclination of the web plate to the
vertical.

10.39.3.2 Secondary Bending Stresses

10.39.3.2.1 Web plates may be plumb (90° to bot-
tom of flange) or inclined. If the inclination of the web
plates to a plane normal to bottom flange is no greater
than 1 to 4, and the width of the bottom flange is no
greater than 20 percent of the span, the transverse bend-
ing stresses resulting from distortion of the span, and the
transverse bending stresses resulting from distortion of
thegirder cross section and from vibrations of the bottom
plate need not be considered. For structures in this cat-
egory transverse bending stresses due to supplementary
loadings, such as utilities, shall not exceed 5,000 psi.

10.39.3.2.2  For structuresexceeding theselimits, a
detailed eval uation of thetransverse bending stressesdue
toall causesshall bemade. Thesestressesshall belimited
to a maximum stress or range of stress of 20,000 psi.

10.39.4 Bottom Flange Plates
10.39.4.1 General

The tension flange and the compression flange shall
beconsidered completely effectiveinresisting bendingif
itswidth does not exceed one-fifth the span length. If the
flange plate width exceeds one-fifth of the span, an
amount equal to one-fifth of the span only shall be
considered effective. Effective flange plate width shall
be used to cal culate the flange bending stress. Full flange
plate width shall be used to calculate the allowable
compressive bending stress.

10.39.4.1.2 Deleted

10.39.4.2 Compression Flanges Unstiffened

10.39.4.2.1 For unstiffened compression flanges,
the cal culated bending stress shall not exceed the allow-

ablebending stress, Fp, (psi), determined by either of the
following equations:

b _ 6140
for Pl
F, = 0.55F, (10-73)
6140 b 13300
<2<

for \/Fy t \/Fy
13,300 —b\/tFy

F, = 0.55F,~0.224 F,| 1-sin %

7,160
(10-74)
b S 13,300
f - =
or t ’Fy
¢ 2
F, = 57.6(bj x10° (10-75)
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where:

b = flange width between webs (in.)
t = flange thickness (in.)

10.39.4.2.2 Deleted
10.39.4.2.3 Deleted

10.39.4.2.4 Thebl/t ratio preferably should not ex-
ceed 60 except in areas of low stress near points of dead
load contraflexure.

10.39.4.2.5 If thebl/t ratio exceeds 45, longitudinal
stiffeners may be considered.

10.39.4.2.6 Deleted

10.39.4.3 Compression Flanges Stiffened
Longitudinally”

10.39.4.3.1 Longitudinal stiffenersshall beat equal
spacings across the flange width and shall be propor-
tioned so that the moment of inertia of each stiffener
about an axis paralel to the flange and at the base of the
stiffener, |s (in.4) shall meet the following requirement:

I > ¢t}w (10-76)
where:

@ =0.07 k3n* for values of n greater than 1;

@ =0.125k3foravalueof n=1;

tr = thickness of the flange (in.)

w = width of flange between longitudinal stiffeners
or distance from aweb to the nearest longitudi-
nal stiffener (in.)

n = number of longitudinal stiffeners;

k = buckling coefficient which shall not exceed 4.

10.39.4.3.2 Forthelongitudinaly stiffened flange,

including stiffeners, the calculated bending stress shall
not exceed the allowable bending stress, Fy, (psi), deter-
mined by either of the following equations:

w _ 3.070vk
for P

GO

* In solving these equations a value of k between 2 and 4
generally should be assumed.

10-76 Section 10 STRUCTURAL STEEL

F, = 0.55F, (10-77)
for 3070k <Y < smaller of {60}or {6’650\/;}
G 7,

W, F.
- 6,650k —L

F =0.55F —0224F |1-sin| = L
b Y v 2 3,580k
(10-78)
for Ms ¥ <60
t 2
F, = 14.41«(} x10° (10-79)
w

10.39.4.3.3 Deleted
10.39.4.3.4 Deleted

10.39.4.3.5 When longitudinal stiffenersare used,
it is preferable to have at least one transverse stiffener
placed near the point of dead load contraflexure. The
stiffener should have asize equal to that of alongitudinal
stiffener.

10.39.4.3.6 If thelongitudinal stiffenersareplaced
at their maximum w/t ratio to be designed for the basic
alowable design stresses of 0.55F, and the number of
longitudinal stiffenersexceeds 2, then transverse stiffen-
ers should be considered.

10.39.4.3.7 Deleted

+

+

+
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10.39.4.4 Compression Flanges Stiffened
Longitudinally and Transversely

10.39.4.4.1 Thelongitudina stiffeners shall be at
equal spacings across the flange width and shall be
proportioned so that the moment of inertia of each stiff-
eners about an axis parallel to the flange and at the base
of the stiffeners meet the following requirement:

1. > 8w

S ; (10-80)

10.39.4.4.2 Thetransverse stiffeners shall be pro-
portioned so that the moment of inertia of each stiffener
about anaxisthroughthecentroid of thesectionand parall el
to its bottom edge meets the following requirement:

A

I =010 (n + 1)3 w %i ;f (10-81)

where:

As = area of bottom flange including longitudinal
stiffeners (in.2)

do = spacing of transverse stiffeners (in.)

fs = maximum longitudinal bending stress in the
flange of the panels on either side of the trans-
verse stiffeners (psi)

E = modulus of elasticity of steel (psi)

10.39.4.4.3 Fortheflange, including stiffeners, the
calculated bending stress shall not exceed the allowable
bending stress, F, (psi), determined by either of the
following equations:

w o 3070k
for P \/Fy
F, = 0.55F, (10-82)

M < ¥ < smaller of {60} or {676512\//?1}

for \/Fy \/T

w, | F

y
|, 6650k, - t
F, =0.55F, —0.224 F | 1-sin| ~

2 3580,k

(10-83)
for 6650k _w _
F t
Y
¢ 2
F, =144k, (J x10° (10-84)
w
where:

@) 4873
=) @) Trod(en) (1089

10.39.4.4.4 Deleted
10.39.4.45 Deleted

10.39.4.4.6 The maximum value of the buckling
coefficient, ki, shall be 4. When k; has its maximum
value, the transverse stiffeners shall have a spacing, a,
equal to or less than 4w. If the ratio a/b exceeds 3,
transverse stiffeners are not necessary.

10.39.4.4.7 The transverse stiffeners need not be
connected totheflangeplate but shall be connected tothe
webs of the box and to each longitudinal stiffener. The
connection to the web shall be designed to resist the
vertical force determined by the formula:

FyS&‘
R, = b (10-86)

where:

S = sectionmodulusof thetransversestiffener (in.3)

SectioN 10 STRUCTURAL STEEL 10-79

+



&

BRIDGE DESIGN SPecIFICATIONS ® FEBRUARY 2004

a/trans

10.39.4.4.8 The connection to each longitudinal
stiffener shall be designed to resist the vertical force
determined by the formula:

(10-87)

10.39.45 Compression Flange Stiffeners,
General

10.39.4.5.1 Thewidth-thicknessratio (b'/ts) of any
outstanding element of the flange stiffeners shall not
exceed the limiting values specified in Table 10.34.5A.

10.39.4.5.2 Longitudinal stiffeners shall be ex-
tended to locations where the maximum stress in the
flange does not exceed that alowed for base metal
adjacent to or connected by fillet welds.

10.39.5 Flangeto Web Welds

Thetotal effective thickness of the web-flange welds
shall be not lessthan thethickness of theweb. Regardless
of the type weld used, welds shall be deposited on both
sides of the connecting flange or web plate.

10.39.6 Diaphragms

10.39.6.1 Diaphragms, cross-frames, or other
means shall be provided within the box girders at each
support to resist transverse rotation, displacement, and
distortion.

10.39.6.2 Intermediatediaphragmsor cross-frames
are not required for steel box girder bridges designed in
accordance with this specification.

10.39.7 Lateral Bracing

Generally, no lateral bracing system is required be-
tween box girders. A horizontal wind load of 50 pounds
per square foot shall be applied to the area of the super-
structure exposed in elevation. Half of theresulting force
shall be applied in the plane of the bottom flange. The
section assumed to resist the horizontal |oad shall consist
of the bottom flange acting as a web and 12 times the
thickness of the webs acting asflanges. A lateral bracing
system shall be provided if the combined stresses due to
the specified horizontal force and dead load of steel and
deck exceed 150 percent of the allowable design stress.

10-80 Section 10 STRUCTURAL STEEL

10.39.8 Accessand Drainage

Consistent with climate, location, and material's, consid-
eration shall begivento the providing of manholes, or other
openings, either in the deck dab or in the steel box for form
removal, inspection, maintenance, drainage, etc.

10.40 HYBRID GIRDERS
10.40.1 General

10.40.1.1 This section pertains to the design of
girdersthat utilize alower strength steel intheweb thanin
one or both of the flanges. It applies to composite and
noncomposite plate girders, and composite box girders. At
any cross section where the bending stress in either flange
exceeds 55 percent of minimum specified yield strength of
the web stedl, the compression-flange area shall not beless
than the tenson-flange area. The top-flange area shall
include the transformed area of any portion of the dab or
reinforcing stedl that is considered to act compositely with
the steel girder.

10.40.1.2 The provisions of these Specifications,
shall govern where applicable, except as specifically
modified by Articles 10.40.1 through 10.40.4.

10.40.2 Allowable Stresses
10.40.2.1 Bending

10.40.2.1.1 The bending stress in the web may
exceed the allowable stress for the web steel provided
that the stress in each flange does not exceed the allow-
ablestressfrom Articles10.3 or 10.32 for the steel in that
flange multiplied by the reduction factor, R.

By (1-af 3-y +ya)
6+ By (3-y)

R=1- (10-89)

(See Figures 10.40.2.1A and 10.40.2.1B)
where:

a = specified minimum yield strength of the web
divided by the specified minimumyield strength
of the tension flange;*

B = areaof theweb divided by theareaof thetension
flange;”

* Bottom flange of orthotropic deck bridge
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Y = distance from the outer edge of the tension
flange* to the neutral axis (of the transformed
section for composite girders) divided by the
depth of the steel section.

10.40.2.1.2 Thebending stressinthe concrete slab
incompositegirdersshall not exceed theallowablestress
for the concrete multiplied by R.

10.40.2.1.3 Rshall betaken 1.0 at sections where
the bending stress in both flanges does not exceed the
allowable stress for the web.

10.40.2.1.4 Longitudinal web stiffness preferably
shall not be located in yielded portions of the web.

10.40.2.2 Shear

The design of the web for a hybrid girder shall bein
compliance with the specification Articles 10.34.3 ex-
cept that Equation (10-26) of Article 10.34.4.2 for the
allowable average shear stressin theweb of transversely
stiffened non-hybrid girders shall be replaced by the
following equations for the allowable average shear
stressin theweb of transversely stiffened hybrid girders:

CF, F,
5 (10-90)

where:
Fy = specified minimum yield strength of the web
(psi)
The provisions of Article 10.34.4.4 and the equation for
A in Article 10.34.4.7 are not applicable to hybrid girders.
10.40.2.3 Fatigue

Hybrid girders shall be designed for the alowable
fatigue stressrangegivenin Article 10.3, Table 10.3.1A.

10.40.3 Plate Thickness Requirements

In calculating the maximum width-to-thickness ratio
of the flange plate according to Article 10.34.2, f,shall be
taken as the lesser of the calculated bending stress in the
compressionflangedivided by thereductionfactor, R, orthe
allowable bending stress for the compression flange.

* Bottom flange of orthotropic deck bridge

10.40.4 Bearing Stiffener Requirements

In designing bearing stiffeners at interior supports of
continuous hybrid girdersfor which a islessthan 0.7, no
part of the web shall be assumed to act in bearing.

100
.
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O
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Figure 10.40.2.1A
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Figure 10.40.2.1B
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10.41 ORTHOTROPIC-DECK
SUPERSTRUCTURES

1041.1 General

10.41.1.1 This section pertains to the design of
steel bridgesthat utilize a stiffened steel plate as a deck.
Usually the deck plate is stiffened by longitudinal ribs
and transverse beams; effective widths of deck plate act
as the top flanges of these ribs and beams. Usually the
deck including longitudinal ribs, acts asthe top flange of
themain box or plategirders. Asusedin Articles10.41.1
through 10.41.4.10, the terms rib and beam refer to
sections that include an effective width of deck plate.

10.41.1.2 The provisions of these Specifications,
shall govern where applicable, except as specifically
modified by Articles 10.41.1 through 10.41.4.10.

An appropriate method of elastic analysis, such asthe
equivalent-orthotropic-slab method or the equivalent-
grid method, shall be used in designing the deck. The
equivalent stiffness properties shall be selected to cor-
rectly simulatetheactual deck. Anappropriate method of
elastic analysis, such as the thin-walled-beam method,
that accountsfor the effects of torsional distortionsof the
cross-sectional shape shall be used in designing the
girdersof orthotropic-deck box-girder bridges. The box-
girder design shall be checked for lane or truck loading
arrangements that produce maximum distortional (tor-
sional) effects.

10.41.1.3 For the preferred design method
(Strength Design), see Article 10.60.

10.41.2 Wheel Load Contact Area
The wheel loads specified in Article 3.7 shall be

uniformly distributed to the deck plate over therectangu-
lar area defined below:

Wheel Load quth peng.th n
(kip) Perpendicular to Direction of
p Traffic (in.) Traffic (in.)
8 20 + 2t 8 +2¢
12 20 + 2t 8 + 2t
16 24 + 2t 8 + 2t
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In the above table, t is the thickness of the wearing
surface (in.)

10.41.3 Effective Width of Deck Plate

10.41.31 Ribsand Beams

The effective width of deck plate acting as the top
flange of alongitudinal rib or atransverse beam may be
calculated by accepted approximate methods.”

10.41.3.2 Girders

10.41.3.2.1 The full width of deck plate may be
considered effective in acting as the top flange of the
girdersif the effective span of the girdersisnot lessthan:
(2) 5 times the maximum distance between girder webs
and (2) 10 times the maximum distance from edge of the
deck tothenearest girder web. Theeffectivespan shall be
taken asthe actual span for simple spansand the distance
between points of contraflexure for continuous spans.
Alternatively, the effective width may be determined by
accepted analytical methods.

10.41.3.2.2 Theeffectivewidthof thebottomflange
of a box girder shall be determined according to the
provisions of Article 10.39.4.1.

10.41.4 Allowable Stresses

10.41.4.1 Local Bending Stressesin Deck
Plate

The term local bending stresses refers to the stresses
caused in the deck plate asit carries awheel load to the
ribs and beams. The local transverse bending stresses
caused in the deck plate by the specified wheel load plus
30-percent impact shall not exceed 30,000 psi unless a
higher allowable stress is justified by a detailed fatigue
analysis or by applicable fatigue-test results. For deck
configurations in which the spacing of transverse beams
isat least 3timesthe spacing of longitudinal-ribwebs, the
local longitudinal and transverse bending stressesin the
deck plate need not be combined with the other bending
stresses covered in Articles 10.41.4.2 and 10.41.4.3.

* Design Manual for “Orthotropic Steel Plate Deck Bridges,”
AISC, 1963, or “Orthotropic Bridges, Theory and Design,” by
M.S. Troitsky, Lincoln Arc Welding Foundation, 1967.
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10.41.4.2 Bending Stressesin Longitudinal
Ribs

Thetotal bending stressesinlongitudinal ribsdueto a
combination of (1) bending of therib and (2) bending of
the girders may exceed the allowabl e bending stressesin
Article 10.32 by 25 percent. The bending stress due to
each of the two individual modes shall not exceed the
allowable bending stressesin Article 10.32.

10.41.4.3 Bending Stressesin Transverse
Beams

The bending stresses in transverse beams shall not
exceed the allowable bending stressesin Article 10.32.

10.41.4.4 Intersectionsof Ribs, Beams, and
Girders

Connections between ribs and the webs of beams,
holes in the webs of beams to permit passage of ribs,
connections of beams to the webs of girders, and rib
splicesmay affect thefatiguelife of the bridgewhen they
occur in regions of tensile stress. Where applicable, the
number of cycles of maximum stress and the allowable
fatigue stresses given in Article 10.3 shall be applied in
designing these details; elsewhere, a rationa fatigue
analysis shall be made in designing the details. Connec-
tionsbetween websof longitudinal ribsand thedeck plate
shall be designed to sustain the transverse bending fa-
tigue stresses caused in the webs by wheel [oads.

10.41.45 Thicknessof Plate Elements
10.41.45.1 Longitudinal Ribsand Deck Plate

Plate elements comprising longitudinal ribs, and
deck-plate elements between webs of these ribs, shall
meet the minimum thickness requirements of Article
10.35.2. Thequantity f; may betaken as 75 percent of the
sum of the compressive stresses dueto (1) bending of the
rib and (2) bending of the girder, but not less than the
compressive stress due to either of these two individual
bending modes.

10.41.45.2 Girdersand Transverse Beams
Plate elements of box girders, plategirders, and trans-

verse beams shall meet the requirements of Articles
10.34.2 t0 10.34.6 and 10.39.4.

10.41.4.6 Maximum Slender ness of
Longitudinal Ribs

The slenderness, L/r, of alongitudinal rib shall not
exceed the value given by the following formula unless
it can be shown by a detailed analysis that overall buck-
ling of the deck will not occur asaresult of compressive
stress induced by bending of the girders:

L 1,500 2,700f
= =1,000 |[>— - 2 —L .

where:

L = distance between transverse beams (in.)

r = radiusof gyrationabout thehorizontal centroidal
axis of the rib including an effective width of
deck plate (in.)

f = maximum compressive stress in the deck plate
asaresult of the deck acting as the top flange
of the girders; this stress shall be taken as
positive (psi)

Fy = specified minimum yield strength of rib mate-
rial (psi)

10.41.4.7 Diaphragms

Diaphragms, cross frames, or other means shall be
provided at each support to transmit lateral forcesto the
bearings and to resist transverse rotation, displacement,
and distortion. Intermediate diaphragms or cross frames
shall be provided at | ocations consistent with theanal ysis
of the girders. The stiffness and strength of the interme-
diate and support diaphragms or cross frames shall be
consistent with the analysis of the girders.

10.41.4.8 StiffnessRequirements
10.41.4.8.1 Deflections

The deflections of ribs, beams, and girdersdueto live
load plus impact may exceed the limitations in Article
10.6 but preferably shall not exceed /509 Of their span.
Thecalculation of the deflectionsshall be consistent with
the analysis used to calculate the stresses.

To prevent excessive deterioration of the wearing
surface, the deflection of the deck plate due to the
specified wheel 1oad plus 30-percent impact preferably

SectioN 10 STRUCTURAL STEEL 10-83
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shall be less than /3 of the distance between webs of
ribs. Thestiffening effect of thewearing surface shall not
beincludedin cal culating the deflection of thedeck plate.

10.41.4.8.2 Vibrations

The vibrational characteristics of the bridge shall be
considered in arriving at a proper design.

10.41.49 Wearing Surface

A suitablewearing surface shall beadequately bonded
to the top of the deck plate to provide a smooth, nonskid
riding surface and to protect the top of the plate against
corrosion and abrasion. The wearing surface material
shall provide (1) sufficient ductility to accommodate,
without cracking or debonding, expansion and contrac-
tion imposed by the deck plate, (2) sufficient fatigue
strength to withstand flexural cracking dueto deck-plate
deflections, (3) sufficient durability to resist rutting,
shoving, and wearing, (4) imperviousness to water and
motor-vehicle fuels and oils, and (5) resistance to dete-
rioration from deicing salts, oils, gasolines, diesel fuels,
and kerosenes.

10.41.4.10 Closed Ribs

Closed ribswithout accessholesfor inspection, clean-
ing, and painting are permitted. Such ribs shall be sealed
against the entrance of moistureby continuously welding
(2) the rib webs to the deck plate, (2) splicesin theribs,
and (3) diaphragms, or transverse beam webs, to theends
of theribs.

10-84 Section 10 STRUCTURAL STEEL
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Part D
Strength Design Method

Load Factor Design

10.42 SCOPE

L oad factor design isthe preferred method of propor-
tioning structural members for multiples of the design
loads. To ensure serviceability and durability, consider-
ation is given to the control of permanent deformations
under overloads, to the fatigue characteristics under
service loadings, and to the control of live load deflec-
tions under service loadings.

10.43 LOADS

10.43.1 Service live loads are vehicles which may
operate on ahighway legally without special |oad permit.

10.43.2 For design purposes, the service loads are
taken asthe dead, live, and impact loadings described in
Section 3 — Loads.

10.43.3 Overloadsaretheliveloadsthat canbeallowed
on a structure on infrequent occasions without causing
permanent damage. For design purposes, the maximum
overload istaken as 5(L + 1)/3.

10.43.4 Themaximumloadsaretheloadingsspecified
in Article 10.47.

10.44 DESIGN THEORY

10.44.1 Themoments, shearsand other forcesshall be
determined by assuming el astic behavior of the structure
except as modified in Article 10.48.1.3.

10.44.2 The members shall be proportioned by the
methods specifiedin Articles 10.48 through 10.56 so that
their computed maximum strengthsshall beat |east equal
to the total effects of design loads multiplied by their
respective load factors specified in Article 3.2.

10.44.3 Service behavior shall be investigated as
specified in Articles 10.57 through 10.59.

10.45 ASSUMPTIONS

10.45.1 Strainin flexura members shall be assumed
directly proportional tothedistancefromtheneutral axis.

10.45.2 Stressin steel below theyield strength, Fy, of
the grade of steel used shall be taken as 29,000,000 psi
times the steel strain. For strain greater than that
corresponding to theyield strength, Fy, the stressshall be
considered independent of strain and egual to the yield
strength, Fy. This assumption shall apply aso to the
longitudinal reinforcement in the concrete floor slab in
theregion of negativemoment when shear connectorsare
provided to ensure composite action in this region.

10.45.3 At maximum strength the compressive stress

intheconcreteslab of acompositebeam shall beassumed
independent of strain and equal to 0.85 /. .

10.45.4 Tensilestrengthof concreteshall beneglected
in flexural calculations, except as permitted under the
provisions of Articles 10.57.2, 10.58.1 and 10.58.2.

10.46 DESIGN STRESSFOR STRUCTURAL
STEEL

The design stress for structural steel shall be the
specified minimumyield strength, Fy, of the steel used as
set forth in Article 10.2.

10.47 MAXIMUM DESIGN LOADS

The maximum moments, shears or forces to be sus-
tained by a load-carrying member shall be computed
from the formulas shown in Article 3.2. Each part of the
structure shall be proportioned for the group loads that
are applicable and the maximum design required by the
group loading combinations shall be used.

10.48 FLEXURAL MEMBERS

Flexural members are subject to the following re-
quirements in this article in addition to any applicable
reguirementsfrom Articles 10.49 through 10.61 that may
supersede these requirements. The compression-flange
width, b, on fabricated |-shaped girders preferably shall
not be less than 0.2 times the web depth, but in no case
shall it belessthan 0.15 times the web depth. If the area
of the compression flange is less than the area of the
tension flange, the minimum flange width may be based
on 2timesthedepth of thewebin compression rather than
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the web depth. The compression-flange thickness, t,
preferably shall not be less than 1.5 times the web
thickness. The width-to-thickness ratio, b/t, of flanges
subject to tension shall not exceed 24.

10.48.1 Compact Sections

Sections of properly braced constant-depth flexural
members without longitudinal web stiffeners, without
holes in the tension flange and with high resistance to
local buckling qualify as compact sections.

Sections of rolled or fabricated flexural members
meeting the requirements of Article 10.48.1.1 below
shall be considered compact sections and the design
bending strength shall be computed as:

M,=FzZ (10-92)

where:

Fy = specified minimum yield strength of the steel
being used (psi)
Z = plastic section modulus” (in.3)

10.48.1.1 Compact sectionsshall meet thefollow-
ing requirements: (for certainfrequently used steel sthese
requirements are listed in Table 10.48.1.2A).

(8 Compression flange:

S

b _ 4110

U

(10-93)

where:

b = compression flange width (in.)
t = flange thickness (in.)

(b) Web thickness:

* Values for rolled sections are listed in the Manual of Steel
Construction, Ninth Edition, 1989, American Institute of Steel
Construction, Appendix D shows the methods of computing Z as
presented in the Commentary of AlISI Bulletin 15.
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D 19,230
‘. = \/Fy (10-94)
where:

D = clear distance between the flanges (in.)
tw = web thickness (in.)

When both b/t and D/t,, exceed 75% of the above
limits, the following interaction equation shall apply

D (b) < 33,650

— +4.68| —

(10-95)

w

where:

Fy = specified minimum yield strength
of compression flange (psi)

(c) Latera bracing for compression flange:

L, _ [3.6-22(M,/M,)]x10°
r, - F

y

(10-96)

where:

Ly = distance between points of bracing of the com-
pression flange(in.)

ry = radius of gyration of the steel section with
respect to the Y-Y axis (in.)

M1 = smaller moment at the end of the unbraced
length of the member (Ib-in.)

M, = design strength from Equation (10-92) at the
other end of the unbraced length: (M1/My) is
positive when moments cause single curvature
between brace points (Ib-in.). (My/M,) is nega-
tive when moments cause reverse curvature
between brace points.

The required lateral bracing shall be provided by
braces capable of preventing lateral displacement and
twisting of themain membersor by embedment of thetop
and sides of the compression flange in concrete.

(d) Maximum axial compression:

o+ 4+ + o+t
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P£0.15F A (10-97)

where:
A = areaof the cross section (in.2)

Memberswith axial |oadsin excessof 0.15F, Ashould
be designed as beam-columns as specified in Article
10.54.2.

10.48.1.2 Article 10.48.1 is applicable to steels
with a demonstrated ability to reach M,. Steels such as
AASHTO M 270 Grades 36, 50 and 50W (ASTM A 709
Grades 36, 50 and 50W) and ASTM A 709, Grade HPS
70W meet theserequirements. Thelimitationsset forthin
Article 10.48.1 are given in Table 10.48.1.2A.

TABLE 10.48.1.2A Limitations for Compact

Sections
F, (psi) 36,000 | 50,000 | 70,000
b/t 21.6 184 15.0
D/t,, 101 86 70
Lyfr, (MM, = 0) 100 72 51
Lfr, MM, = 1) 39 28 20

For values of M,/M, other than0and 1, use Equation (10-96).

10.48.1.3 Inthedesignof acontinuousbeam with
compact negative-moment support sectionsof AASHTO
M 270 Grade 36, 50 and 50W (ASTM A 709 Grade 36,
50 and 50W) steel complying with the provision of
Article 10.48.1.1, negative moments over such supports
at Overload and Maximum Load determined by elastic
analysis may be reduced by a maximum of 10 percent.
Such reduction shall be accompanied by an increasein
momentsthroughout adjacent spansstatically equival ent
and opposite in sign to the decrease of the negative
moments at the adjacent supports. For example, the
increase in moment at the center of the span shall equal
the average decrease of the moments at the two adjacent
supports. The reduction shall not apply to the negative
moment of acantilever. This10-percent redistribution of
moment shall not apply to compact sectionsof ASTM A
709 Grade HPS 70W or AASHTO M 270, Grade 70W
steel.

10.48.2 Braced Non-Compact Sections

For sections of rolled or fabricated flexural mem-
bers not meeting the requirements of Article 10.48.1.1
but meeting the requirement of Article 10.48.2.1 below,

the design strength shall be computed as the | esser of
Mu=F,S« (10-98)
or
Mu=Fq ScRb (10-99)

subject to the requirement of Article 10.48.2.1 (c) where

m

t .2
%,400-2 £ F,
4]

or= 84,400 b

compression flange width (in.)

compression flange thickness (in.)

elastic section modulus with respect to tension

flange (in.3)

S = elastic section modulus with respect to com-
pression flange (in.3)

R, = flange-stress reduction factor determined from
the provisions of Article 10.48.4.1, withf,sub-
stituted for theterm M,/S,; when Equation (10-
103b) applies

f, = factoredbendingstressinthecompressionflange

(psi), but not to exceed Fy

é/)""c'

10.48.2.1 The above equations are applicableto
sections meeting thefollowing requirements:
(a) Compressionflange:

b
T £24 (10-100)

(b) Webthickness:

The web thickness shall not exceed the requirement
given by Equation (10-104) or Equation (10-109), as
applicable, subject tothecorresponding requirementsas
shown in Table 10.48.5A of Article 10.49.2 or 10.49.3.
For unstiffened web, the web thickness shall not be less
than D/150.

Section 10 StrRucTURAL STEEL 10-87
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(c) Spacing of lateral bracing for compression
flange:

20,000,000 4,

P RS —

ST Fa (10-101)

where:

d = depth of beam or girder (in.)
As = flange area (in.2)

If Equation (10-101) is not satisfied, M, cal cu-
lated from Equation (10-99) shall not exceed M,
calculated from the provisions of Article 10.48.4.1

(d) Maximum axial compression:

P<0.15F 4 (10-102)

Memberswithaxial loadsin excessof 0.15F, Ashould
be designed as beam-columns as specified in Article
10.54.2.

TABLE 10.48.2.1A Limitationsfor Braced Non-
Compact Sections

F_(psi) | 36,000 [ 50,000 | 70,000 [ 90,000 | 100,000
blt* 232 19.7 16.6 14.7 13.9
L,d
—_ 556 400 286 222 200
4,

Refer to Articles 10.48.5.1, 10.48.6.1, 10.49.2

Dit, or 10.49.3, as applicable. For unstiffened webs, the

limit is 150.

* Limits shown are for Fer = Fy. Refer also to article
10.48.2.1(a)

10.48.2.2 The limitations set forth in Article
10.48.2.1 above are given Table 10.48.2.1A .

10.48.3 Transitions

The design strength of sections with geometric prop-
erties falling between the limits of Articles 10.48.1 and
10.48.2 may be computed by straight-line interpolation,
except that the web thickness must always satisfy Article
10.48.1.1(b).
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10.48.4 Partially Braced Sections

Members not meeting the lateral bracing requirement
of Article 10.48.2.1(c) shall be braced at discrete loca-
tions spaced at adistance, Ly, such that the design bend-
ing strength of the section under consideration satisfies
the requirements of Article 10.48.4.1. Bracing shall be
provided such that |ateral deflection of the compression
flange is restrained and the entire section is restrained
against twisting.

10.48.4.1 If thelateral bracing requirement of Ar-
ticle 10.48.2.1(c) is not satisfied and the ratio of the
moment of inertia of the compression flange to the
moment of i nertiaof the member about thevertical axis
of the web, Iyc/ly, iswithin the limitsof 0.1 < lyd/ly
0.9, the design bending strength for the limit state of
lateral-torsional buckling shall be computed as:

(10-1033)

R, = 1for longitudinally stiffened girdersif the web
slenderness satisfiesthefollowing requirement:

D <5460 \/7
tW f;)

where:

2 2
o ds04 k= s17 (ej 29[2)
D d D

s c

for

ds = distancefromthecenterlineof aplatelongitudi-
nal stiffener or the gageline of an anglelongitu-
dinal stiffener to the inner surface or the leg of
the compression flange component (in.)

f, = factored bending stress in compression flange

(psi)

Otherwise, for girders with or without longitudinal
stiffeners, Ry shall be calculated as
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€ u

= e u

(04 P

R =1- 0002822 | _iigqg

Afc g?tw Mr L,J

e u

é Sc G

(10-103b)

D. = depth of web in compression (in.). For com-
posite beams and girders, D, shall be calcu-
lated in accordancewiththe provisions speci-
fied in Article 10.50(b).

tw = thickness of web (in.)

A = areaof compression flange (in.2)

M; = lateral torsional buckling moment defined be-
low (Ib.-in.)

S = section modulus with respect to compression
flange (in.3). Use S,; for live load for a com-
positesection

= 15,400 for all sectionswhereD.islessthan or
equal tob/,
= 12,500 forsections where D isgreater thanb/,

D, . |

Forsectionswitht_E‘ [F_ orwithlongitudinally stiff-
w y
ened webs:

.2

M, = a1’ 106cb§d—y°$ 072 L +98782 £ wm,
Lb ch Lb
(10-103¢)
|__D,
For sections with JE T
y W
forly £ L,
M =My (10-103d)
| 9500r
= (10-103d1)

forl; 3 Lp>L,

¢ el,- L, &
M, = GFS.d - 05 4 E M,
g L- L
(10-103¢)

a2 “10°1 43"
o

L = 10-103f
& hs. (10103
for L > L,
FS o 6
M, =C——g—= £M, (10-103g)
2 &Ly
where:

L, = unbracedlengthof thecompressionflange (in.)

L, = limiting unbraced length for the yield moment
capacity (in.)

L, = limiting unbraced length for elastic lateral tor-

sional buckling moment capacity (in.)

r' = radiusof gyration of compression flange about
the vertical axisin the plane of the web (in)

lyc = moment of inertiaof compression flange about
the vertical axisin the plane of theweb (in4)

d = depth of girder (in.)

[ot*), +(bt®) + D1
= 3 where b and t represent

the flange width and the thickness of the com-
pression and tension flange, respectively (in.4)

C = 125M
® 25M,, +3M,+4M, +3M,
where:
Mmax = absolutevalue of maximum momentin the

unbraced beam segment (1b-in.)
Ma = absolutevalueof moment at quarter point of
the unbraced beam segment (Ib-in.)
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Mg = absoluteval ue of moment at midpoint of the

unbraced beam segment (Ib-in.)

M¢ = absolute value of moment at three- quarter
point of the unbraced segment (Ib-in.)
Co = 1.0 for unbraced cantilevers and for mem-

bers where the moment within a significant
portion of the unbraced segment is greater
than or equal tothelarger of the segment end
moments.a

The compression flange shall satisfy the requirement
of Article 19.48.2.1(a). The web thickness shall not
exceed the requirement given by Equation (10-104) or
Equation (10-109), as applicable, subject to the corre-
sponding requirements of Articles 10.49.2 or 10.49.3.
For unstiifened web, the web thickness shall not be less
than D/150.

10.48.4.2 Members with axial loads in excess of

0.15 Fy A should be designed as beam-columns as speci-
fied in Article 10.54.2.

10.48.5 Transversely Stiffened Girders

10.48.5.1 For girders not meeting the shear re-
quirementsof Article 10.48.8.1 (Equation 10-113) trans-
versestiffenersarerequired for theweb. For girderswith
transverse stiffeners but without longitudinal stiffeners
the width-thickness ratio (D/t,) of the web shall not
exceed the limiting values specified in Table 10.48.5A
subject to the web thickness requirement of Article
10.49.2. If the web slenderness D/t,, exceeds the upper
limit, either the section shall be modified to comply with
the limit, or alongitudinal stiffener shall be provided.

10.48.5.2 The design bending strength of trans-
versely stiffened girders meeting the requirements of
Article 10.48.5.1 shall be computed by Articles 10.48.1,
10.48.2,10.48.4.1, 10.50, 10.51, or 10.53, asapplicable,
subject to the requirements of Article 10.48.8.2.

TABLE 10.48.5A Limiting Width-Thickness Ratios for Web Plates and Stiffeners
Width- Limiting . L\l)\‘;lfi?ﬁg
Description of Component Thickness Width-Thickness v, .
. . (psi) Thickness
Ratio Ratio .
Ratios
36,000 192
With transverse 36,500 50,000 163
stiffeners onl (10-104) 70,000 138
Y vE 90,000 122
Web 100,000 115
Plet Dit,,
ates 36,000 385
With transverse 3,000 50,000 326
stiffeners and one 73000 (10-109)|  70,000] 276
longitudinal stiffener VE, 90,000 243
100,000 231
o 2,600
Longitudinal >
stiffeners JE, ) (10-144)
Stiffeners bt
Transverse stiffeners 16 (10-105)

b' = width of flange plate or width of outstanding element of web stiffeners (in.)

D = clear distance between flanges (in.)

Fy = specified minimum yield strength of the component under consideration (psi)

ts = web stiffener outstanding element thickness (in.)
tw = web plate thickness (in.)

aFor the use of larger Cp values, see Structural Stability Research Council Guide to Stability Design Criteriafor Metal Structures,

4th Ed., pg. 157.
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10.48.5.3 Theshear capacity of transversely stiff-
ened girders shall be computed by Article 10.48.8. The
width-to-thickness ratio (b'/ts) of transverse stiffeners
shall not exceed the limiting values specified in Table
10.48.5A.

The gross cross-sectional area of intermediate trans-
verse stiffeners, A (in.2) shall meet thefollowing require-
ment:

D F

é .
As 01582 (1- )L 1gy w2
é tw Vu 4] a Fcr
(10-1064a)
where:
9,025,000
Fcr = TE Fystiffener
ke (10-106b)
ks
b¢ = projecting width of the stiffener (in.)
ts = thickness of the stiffener (in.)
Fyweh = specified minimum yield strength of the
web (psi)
Fysiiffener = SPecified minimum yield strength of the
stiffener (psi)
B = 1.0forstiffener pairs, 1.8for singleangles,
and 2.4 for single plates;
C = constant computed by Article 10.48.8.1.

When values computed by Equation (10-106a) ap-
proach zero or are negative, then transverse stiffeners
need only meet the requirements of Equations (10-107),
(10-105) and Article 10.34.4.10.

The moment of inertia of transverse stiffeners with
reference to the plane defined below shall meet the
following requirement:

13 dtJ (10-107)
where;
& ¢
J=25c—=-2305 (10-108)
do g

d, = distance between transverse stiffeners

When stiffeners are in pairs, the moment of inertia
shall betaken about the centerlineof theweb plate. When
single stiffeners are used, the moment of inertiashall be
taken about the facein contact with the web plate.

Transverseintermediate stiffeners shall be preferably
fitted tightly to the tension flange. If the intermediate
stiffener isused for attaching acrossframeor diaphragm,
apositiveconnectionusing either boltsor weldsmust be
madetothetensionflange. Thedistancebetweentheend
of thevertical weld on the stiffener to the web-to-flange
weld shall be4t,, but notlessthan 11/, inches. Transverse
stiffeners provided only on one side of the web must be
weldedtothecompressionflangeandfittedtightly tothe
tension flange for the stiffener to be effective. Stiffener
properties shall be as covered in Article 10.34.4.10.
10.48.6  Longitudinally Stiffened Girders

10.48.6.1 Longitudinal stiffenersshall berequired
on symmetrical girders when the web thickness is less
than that specified by Article 10.48.5.1 and shall be
placed at a distance D/5 from the inner surface of the
compression flange.

The width-thickness ratio (D/t,) of the web of plate
girders with transverse stiffeners and one longitudinal
stiffener shall not exceedthelimiting valuesspecifiedin
Table 10.48.5A.

Singly symmetric girders are subject to the require-
ments of Article 10.49.3

10.48.6.2 Thedesignbendingstrength of longitu-
dinal stiffened girders meeting the requirements of Ar-
ticle 10.48.6.1 shall be computed by Articles 10.48.2,
10.48.4.1,10.50.1.2,10.50.2.2, 10.51, or 10.53 asappli-
cable, subject to the requirements of Article 10.48.8.2.

10.48.6.3 The shear capacity of girders with one
longitudinal stiffener shall becomputed by Article10.48.8.

The dimensions of the longitudinal stiffener shall be
such that:

(a) thewidth-to-thickness ratio meets the require-
ment given in Table 10.48.5A. The factored bending
stressinthelongitudinal stiffener isnot greater than the
yield strength of thelongitudinal stiffener.

(b) themoment of inertia of the stiffener meetsthe
following requirement:

Section 10 StrRucTURAL STEEL 10-91
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2
1> Dti |:24(%) —0.13:| (10-110)

(c) theradiusof gyration of the stiffener meetsthe
following requirement:

r>d"\/Fy

23,000

(10-111)

Incomputing | and r values above, acentrally located
web strip not morethan 18t,,in width shall be considered
asapart of thelongitudinal stiffener. Transverse stiffen-
ersfor girder panelswith longitudinal stiffenersshall be
designed according to Article 10.48.5.3. In addition, the
section modulusof thetransverse stiffener shall meet the
following requirement:

(10-112)

where:

D = total panel depth (clear distance between flange
components) (in.)

S = section modulus of the longitudinal stiffener.
(in3.)

10.48.7 Bearing Stiffeners

Bearing stiffeners shall be designed for beams and
girders as specified in Articles 10.33.2 and 10.34.6.

Axial compression strength shall be computed as speci-
fied in Article 10.54.1. Bearing strength shall be taken at
1.35Fy times the bearing area of bearing stiffners.

10.48.8 Shear

10.48.8.1 The shear capacity of webs of rolled or
fabricatedflexural membersshall becomputed asfollows:

For unstiffened webs, the design shear strength shall
be limited to the plastic or buckling shear strength as
follows:

Vy=CV, (10-113)
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For stiffened web panels complying with the provi-
sions of Article 10.48.8.3, the shear capacity shall be
determined by including post-buckling resistance due to
tension-field action as follows:

V.=V |C
(10-114)

V, is equal to the plastic shear strength and is deter- +

mined as follows:

Vp = 0.58 F,Dty, (10-115)

The constant C is equal to the buckling shear stress
divided by the shear yield stress, and is determined as
follows:

D _ 6000k
for t \/Fy
C=10

6,000k _ D _ 7500~k

for \/Fy 6 \/Fy

co 6,000k
D )
(t) JE, (10-116)
D _ 17500vk
for t \/Fy
]
C= 4.5><120 k
(DJ F (10-117)
tW g
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where the buckling coefficient,k=5+5/(do/D)?, except
k shall be taken as 5 for unstiffened beams and girders.

D = clear, unsupporteddistancebetweenflangecom-
ponents (in.)

d, = distance between transverse stiffeners (in.)

Fy = specified minimum yield strength of the web

plate (psi)

10.48.8.2 If agirder panel is controlled by Equa-
tion (10-114) andissubjectedtothesimultaneousaction
of shear and bending moment with the magnitude of the
moment greater than 0.75 My, the shear shall meet the
following requirement:

A6M 0
M, ;

i£ 22 -
\Y

u

Q-0

(10-118)

If agirder panel adjacent to acomposite noncompact
section is controlled by Equation (10-114) and is sub-
jected to the simultaneous action of shear and bending
moment with the magnitude of factored bending stressfs
greater than 0.75F,, the shear shall meet the following
requirement:

% a.6f.6
v £ 22 - F - (10-118a)

where:

fs = factored bending stressin either the top or bot-
tomflange, whichever flangehasthelarger ratio
of (fs/Fum)

Fum =maximum bending strength of either thetop or
bottom flange, whichever flange has the larger
ratio of (fs/Fum)

10.48.8.3 Where transverse intermediate stiffen-
ersarerequired, transverse stiffeners shall be spaced at a
distance, d,, according to shear capacity as specified in
Article 10.48.8.1, but not more than 3. Transverse
stiffenersmay be omitted in those portionsof thegirders
where the maximum shear force is less than the value
givenby Article10.48.8.1 Equation (10-113), subject to
the handling requirements bel ow.

Transversestiffenersshall berequiredif D/t isgreater
than 150. The spacing of thesestiffenersshall not exceed

. 2

. . € 260 U

the handling requirement De—AD/t a.
e¥wi

For longitudinally stiffened girders, transverse stiff-
eners shall be spaced a distance, do, according to shear
capacity as specified in Article 10.48.8.1, but not more
than 1.5 timesthe web depth. The handling requirement
given above shall not apply to longitudinally stiffened
girders. Thetotal web depthD shall beused in determin-
ing the shear capacity of longitudinally stiffened girders
inArticle10.48.8.1 and in Equation (10-119).

Thefirst stiffener space at the simple support end of a
transversely or longitudinally stiffened girder shall be
such that the shear forceintheend panel will not exceed
the plastic or buckling shear strength given by the
following eguation:

Vu=CV, (10-119)

For transversely stiffened girders, the maximum spac-
ing of the first transverse stiffener is limited to 1.5D.

1049 FLEXURAL MEMBERSWITH
SINGLY SYMMETRICSECTIONS

10.49.1 General

For sections symmetric about the vertical axis but
unsymmetric with respect to the horizontal centroidal
axis, the provisions of Articles 10.48.1 through 10.48.4
shall beapplicable.

10.49.2 Transversely Stiffened Sections

Girders with transverse stiffeners shall be designed
and evaluated by theprovisionsof Article10.48.5except
that when D, the clear distance between the neutral axis
and the compression flange, exceeds D/2 the web thick-
ness, ty,, shall meet the requirement:

D, , 18250

t,  F

If the web slenderness DJ/t,, exceeds the upper limit,
either the section shall be modified to comply with the
limit, or alongitudinal stiffener shall be provided.

(10-120)
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10.49.3 Longitudinally Stiffened Sections

10.49.3.1 Longitudinal stiffenersshall berequired
on singly symmetric sections when the web thickness
does not meet the requirement specified by Articles
10.48.5.1 or 10.49.2.

10.49.3.2 For girders with one longitudinal stiff-
ener and transverse stiffeners, the provisions of Article
10.48.6 for symmetrical sections shall be applicable in
addition to the following:

(a) The optimum distance, ds, of a plate longitudinal
stiffener or the gage line of an anglelongitudinal
stiffener from the inner surface or the leg of the
compression flange component is D/5 for asym-
metrical girder. The optimum distance, ds, for a
singly symmetric composite girder in positive-
moment regions may be determined from the
equation given below:

J . (10-121)

R—

DCS 1+1 5 fDL+LL
f DL

depth of theweb in compression of the non-
composite steel beam or girder (in.)

foo = non-composite dead-load stressin the com-
pression flange (psi)

total non-composite and composite dead
load plus the composite live-load stress in
compression flange at the most highly
stressed section of the web (psi)

where:

Des =

foL+LL

The optimum distance ds, of the stiffener in negative-
moment regionsof composite sectionsis2D¢/5, where D
is the depth of the web in compression of the composite
section at the most highly stressed section of the web.

(b) When D exceedsD/2, theweb thickness, t, shall
meet the requirement:

D, _ 36500

(10-122)
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10.49.4 Braced Non-Compact Sections

Singly symmetric braced non-compact sections of
rolled or fabricated flexural members shall be designed
and evaluated by the provisions of Article 10.48.2.

10.49.5 Partially Braced Sections

The design strength of singly symmetric sections
meetingall requirementsof Article10.48.2.1, except for the
lateral bracing requirement given by Equation (10-101),
shal be computed as the lesser of M, calculated from
Equation (10-98) or M,, calculated from Equation (10-99),
with My, calculated from Equation (10-99) not to exceed My,
calculated from the provisions of Article 10.48.4.1.

10.50 COMPOSITE SECTIONS

Composite sections shall be so proportioned that the
following criteria are satisfied:

(8 The design strength of any section shall not be
lessthan the sum of the computed momentsat that
sectionmultiplied by theappropriateload factors.

(b) Theweb of the steel section shall be designed to
carry thetotal external shear and must satisfy the
applicableprovisionsof Articles10.48and 10.49.
Thevalueof D shall betaken astheclear distance
between the neutral axis and the compression
flange. In positive-moment regions, the value of
D, shall be calculated by summing the stresses
due to the appropriate loadings acting on the
respective cross sections supporting the loading.
Thedepth of webin compression, D, in compos-
ite section subjected to negative bending may be
taken asthe depth of the web in compression of the
composite section without summing the stresses
fromthevariousstagesof loading. Theweb depthin
compression, Dg, of sections meeting the web
compactness and ductility requirements of Article
10.50.1.1.2 under the maximum design loads shall
be calculated from the full plastic section ignoring
thesequenceof load application. Girderswithaweb
dendernessexceedingthelimitsof Article10.48.5.1
or 10.49.2 shall either be modified to comply with
theselimitsor else shall be stiffened by onelongitu-
dinal stiffener.

+
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(c) Themoment capacity at first yield shall be com-
puted consideringtheapplication of thedead and
liveloadsto the steel and composite sections.

(d) steel beam or girder shall satisfy the
constructibility requirementsof Article 10.61.

(e) Thestressinthetop flange of acomposite girder
shall be limited to 0.6F, under dead load if no
calculations are made for the construction load-
ing stage of theconcretedeck. Theconcretedeck
isassumed to be placed instantaneously.

10.50.1 PositiveMoment Sections
10.50.1.1 Compact Sections

The design strength, My, of compact composite sec-
tions in positive-moment regions shall be computed in
accordancewith Article10.50.1.1.2. Thesteel shall have
the demonstrated ability to reach M. Steel such as
AASHTO M 270 Grades 26, 50 and 50W (ASTM A 709
Grades 36, 50 and 50W), and ASTM A 709 Grade HPS
70W meet these requirements.

10.50.1.1.1 Theresultant moment of thefully plas-
tic stressdistribution (Figure 10.50A) may be computed
asfollows:

(a) Thecompressiveforceintheslab, C, isequal to
the smallest of thevaluesgiven by thefollowing

Equations:
(1) C =085f bt + (AF,) (10-123)
(2) C = (AR + (AR + (AFy)w  (10-124)
where:

b = effectivewidth of slab specifiedin Article
38.3 (in.)

ts = theslab thickness (in.)

(AFy)c = product of the area and yield strength of
that part of reinforcement whichliesinthe
compression zone of the slab (1b.)

(AFy)ps = product of areaand yield strength for bot-
tomflangeof steel section (includingcover
plateif any) (Ib.)

(AFy)s = product of areaand yield strength for top
flange of steel section (Ib.)

(AFy)y = product of areaand yield strength for web

of steel section (Ib.)

(b) Thedepthof thestressblockiscomputedfromthe
compressive forcein the slab.

_C- (AR),

0851 b (10-125)

(¢) When the compressive force in the slab is less
than the value given by Equation (10-124), the
top portionof thesteel sectionwill besubjectedto
the following compressive force:

é. (AFy)' C
2

Ce= (10-126)

where:

(AFy) = product of theareaand yield strength of steel
girder section (Ib.)

(d) Thelocation of the neutral axis within the steel
section measured fromthetop of the steel section
may be determined as follows:

for C' < (AFy)s

(10-127)

y= (AF ) b

for C' 3 (AR

Ct- (AF))
+ —(ﬁ)y—“D (10-128)

Yiw

(e) Theplastic moment capacity, M, of thesectionin
bendingisthefirst moment of all forcesabout the
neutral axis, takingall forcesand moment armsas
positivequantities.
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FIGURE 10.50A Plastic Stress Distribution

10.50.1.1.2 Composite sections of constant-depth
membersin positive-moment regions without longitudi-
nal web stiffenersand without holesin thetension flange
shall qualify ascompact when theweb of the steel section
satisfies the following requirement:

2D, _ 19230

t, \/Fy

(10-129)

where:

D¢ = depth of the web in compression at the plastic
moment cal culated in accordancewith Article
10.50.1.1.1 (in.)

tw = web thickness (in.)

Equation (10-129) issatisfied if the neutral axisat the
plastic moment is located above the web; Otherwise D¢,
shall becomputedas y from Equation (10-128) minus

Also, the distance from the top of slab to the neutral
&is at the plastic moment, Dy, shall satisfy:

(10-1293)

where:

. (d+t;+1,)
D =# 7.5
B =0.9for Fy=36,000 psi

= 0.7 for Fy = 50,000 psi and 70,000 psi
d = depth of the steel beam or girder (in.)
ts = thickness of the slab (in.)
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thn = thickness of the concrete haunch above the
beam or girder top flange (in.)

Equation (10-129a) need not be checked for sections
where the maximum flange stress does not exceed the
specified minimum flange yield strength.

The design bending strength, M, of compact compos-
ite sections in simple spans or in the positive-moment
regions of continuous spans with compact non-compos-
ite or composite negative-moment pier sections shall be
taken as:

for D, < D'

M, =M

u P

(10-129b)

for D'< D, < 5D’

M- SM,—-085M, +0.85My -M,(D,
! 4 4 D'
(10-129c)
where:

Mp = plastic moment capacity of the composite posi-
tive moment section calculated in accordance
with Article 10.50.1.1.1 (Ib-in.)

My = moment capacity ét first yield of the composite
moment section calcul ated as Fy times the sec-
tion modulus with respect to the tension flange
(Ib-in.). The modular ratio, n, shall be used to
compute the transformed section properties.

In continuous spanswith compact compositepositive-
moment sections, but with noncompact noncomposite or
composite negative-moment pier sections, the maximum
bending strength, M,,, of the composite positive-moment
sections shall be taken as either the moment capacity at the
first yield determined as specified in Article 10.50(c), or as:

My=M, +AM,y- MJye  (10-129d)

where:

+

+

+
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the moment at first yield of the com-
pact positive moment section calcu-
lated in accordance with Article
10.50(c) (Ib-in.)

moment capacity of noncompact sec-
tion at the pier, M, given by Article
10.48.2 or Article 10.48.4, minus the
elastic moment at the pier, Mg, for the
loading producing maximum positive
bending in the span. Use the smaller
value of the differencefor thetwo pier
sections for interior spans (1b-in.)

1 for interior spans

distancefrom end support totheloca-
tion of maximum positive moment
divided by the span length for end
spans.

(My - Ms)pier =

M, computed from Equation (10-129d) shall not ex-
ceed the applicable value of M, computed from either
Equation (10-129b) or Equation (10-129c).

For continuous spans where the maximum bending
strength of the positive-moment sections is determined
from Equation (10-129d), the maximum positive mo-
ment in the span shall not exceed My, for the loading
which produces the maximum negative moment at the
adjacent pier(s).

For composite sections in positive-moment regions
not satisfying the requirements of Equation (10-129) or
Equation (10-129a), or of variable-depth members or
with longitudinal web stiffeners, or with holes in the
tension flange, the design bending strength shall be
determined as specified in Article 10.50.1.2.

10.50.1.2 Non-Compact Sections

10.50.1.2.1  When the steel section does not satisfy
the compactness requirements of Article 10.50.1.1.2, the
sum of bending stresses due to the appropriate loadings
acting on the respective cross sections supporting the load-
ingsshall not exceed Fy for thetension flange, and FyRyfor
compression flange, where R, istheflange-stressreduction
factor determined from the provisions of Article 10.48.4.1.
When R, isdetermined from Equation (10-103b), f, shall be
substituted for the term M,/S,. and Ag; shall be taken asthe
effective combined transformed area of the top flange and
concrete deck that yields D, calculated in accordance with
Article10.50(b). f, isequal tothefactored bending stressin
the compression flange (psi), but not to exceed Fy. The
resulting R, factor shall bedistributed to thetop flangeand

concretedeck in proportiontotheir relativestiffness. The
provisions of Article 10.48.2.1(b) shall apply.

10.50.1.2.2 Whenthegirdersarenot providedwith
temporary supports during the placing of dead loads, the
sum of the stresses produced by 1.30Mgp acting on the
steel girder alone with 1.30M, and the appropriate
factored live loading according to Table 3.22.1A acting
on the composite girder shall not exceed yield strength at
any point, where Mgp and Mp arethe moments caused by
the dead load acting on the steel girder and composite
girder, respectively.

10.50.1.2.3 When the girders are provided with
effectiveintermediatesupportsthat arekept in placeuntil
theconcretehasattained 75 percent of itsrequired 28-day
strength, stressesproduced by thefactored dead |oad plus
live loading, acting on the composite girder, shall not
exceed yield strength at any point.

10.50.2 Negative Moment Sections

Thedesign strength of composite sectionsin negative
moment regions shall be computed in accordance with
Articles 10.50.2.1 or 10.50.2.2, as applicable. It shall be
assumed that the concrete slab does not carry tensile
forces. In caseswhere the slab reinforcement is continu-
ous over interior supports, the reinforcement may be
considered to act compositely with the steel section.

10.50.2.1 Compact Sections

Composite sections of constant-depth memberswith-
out longitudinal web stiffeners and without holesin the
tension flange in negative bending qualify as compact
whentheir steel section meetstherequirementsof Article
10.48.1.1, and has the demonstrated ability to reach Mp.
Steels such as AASHTO M 270 Grade 26, 50 and 50W
(ASTM A 709, Grade 36, 50 and 50W), and ASTM A 709
Grade HPS 70W meet these requirements. M, shall be
computed as the resultant moment of the fully plastic
stress distribution acting on the section including any
composite slab reinforcement.

If thedistancefromtheneutral axistothecompression
flange exceeds D/2, the compact section requirements
given by Equation (10-94) and (10-95) must be modified
by replacing D with the quantity 2D¢p, where Dgp is the
depth of the web in compression at the plastic moment.
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10.50.2.2 Non-Compact Sections

When the steel section does not satisfy the compact-
ness requirements of Article 10.50.2.1, but does satisfy
the requirement of Article 10.48.2.1, the sum of bending
stresses due to the appropriate loadings acting on the
respective cross sections supporting the loadings shall
not exceed Fy for the tension flange, and FR, for
compressionflange, where F, isthecritical compression
flange stress specified in Article 10.48.2 and R, is the
flange-stressreduction factor determined from the provi-
sions of Article 10.48.4.1. When R, is determined from
Equation (10-103b), f, shall be substituted for theterm
M; /S¢. fisequal to the factored bending stressin the
compression flange (psi), but not to exceed Fy. When all
requirementsof Article10.48.2.1 aresatisfied, except for
lateral bracing requirement given by Equation (10-101),
the design strength of the compression flange shall be
takento be F¢ Ry, but not to exceed M, /S, where M, and
S are determined according to the provisions of Article
10.48.4.1.

10.50.2.3 The minimum longitudinal reinforce-
ment including the longitudinal distribution reinforce-
ment must equal or exceed 1 percent of the cross-sec-
tional areaof the concrete slab whenever thelongitudinal
tensilestressintheconcreteslab duetoeither thefactored
construction loads or the overload specified in Article
10.57 exceeds 0.9, where f, is the modulus of rupture
specified in Article 8.15.2.1.1. The area of concrete slab
shall be taken equal to the structural thickness timesthe
entire width of the bridge deck. The required reinforce-
ment shall be No. 6 bars or smaller spaced at not more
than 12 inches. Two-thirdsof thisrequired reinforcement
isto be placed in the top layer of the slab. Placement of
distribution steel asspecifiedinArticle3.24.10iswaived.

10.50.2.4  When shear connectorsareomitted from
the negative moment region, the longitudinal reinforce-
ment shall be extended into the positive moment region
beyond the anchorage connectors at least 40 times the
reinforcement diameter.

10.51 COMPOSITE BOX GIRDERS

This section pertains to the design of simple and
continuous bridges of moderate length supported by two
or more single-cell composite box girders. The distance

* For information regarding the design of long-span steel box
girder bridge, Report No. FHWA-TS-80-205, “ Proposed Design
Specificationsfor Steel Box Girder Bridges’ isavailable from the
Federal Highway Administration.
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center-to-center of the flanges of adjacent boxes shall be
not greater than 1.2 times and not less than 0.8 times the
distance center-to-center of the flanges of each box. In
addition to the above, when nonparallel girders are used
the distance center-to-center of adjacent flanges at sup-
portsshall benot greater than 1.35 timesand not lessthan
0.65 times the distance center-to-center of the flanges of
each box. The cantilever overhang of the deck slab,
including curbsand parapet, shall belimitedto 60 percent
of the distance between the centers of adjacent top steel
flangesof adjacent box girders, butinno casegreater than
6 feet.

10.51.1 Design Bending Strength

The design bending strength of box girders shall be
determined according to the applicable provisions of
Articles 10.48, 10.49, and 10.50. In addition, the design
strength of the negative moment sectionsshall belimited

by:
My =F4S (10-130)
where:

Fer = critical stressof the bottom flange plateasgiven
in Article 10.51.5 (psi)

10.51.2 LiveLoad Moment Distribution

The live load bending moment for each box girder
shall be determined in accordance with Article 10.39.2.

10.51.3 Web Plates

Thedesign shear V,, for aweb shall becal culated using
the following equation:

(10-131)

where:

V = one-half of thetotal vertical shear force on one
box girder (Ib.)

6 = angle of inclination of the web plate to the
vertical

The inclination of the web plates to the vertical shall
not exceed 1 to 4.

+
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10.51.4 Tension Flanges
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In the case of simply supported spans, the bottom
flange shall be considered fully effective in resisting
bending if its width does not exceed one-fifth the span
length. If the flange plate width exceeds one-fifth of the
span, only an amount equal to one-fifth of the span shall
be considered effective.

For continuous spans, the requirementsabove shall be
applied to the distance between points of contraflexure.

10.51.5 Compression Flanges

critical stress, F , shall be computed as:

for

for

for

10.51.5.1 Forunstiffened compressionflanges, the

where:

b _ 6140
F‘CV = F)/
6140 _b _ 13300

(10-132)

(10-132a)

(10-133)

. CT
F = 0.592Fy(1 +0.687sm2) (10-134)

b
13,300 — —,/F,
=117

7,160

2
F,= 105(tj x10°
b

(10-135)

(10-136)

(10-137)

b
t

= flange width between webs (in.)
= flange thickness (in.)

10.51.5.2 Deleted

10.51.5.3 Deleted

10.51.54

If longitudinal stiffeners are used, they

shall be equally spaced across the flange width and shall
be proportioned so that the moment of inertia of each
stiffener about an axis parallel to the flange and at the
base of the stiffener meet the following requirement:

for

for

where:

@
@
w

=~

I.>2¢t'w (10-138)

= 0.07 k®n*when n equals 2, 3, 4, or 5;

= 0.125 k3 when n equals 1;

width of flange between longitudinal stiffeners
or distance from aweb to the nearest longitudi-
nal stiffener (in.)

number of longitudinal stiffeners;

= buckling coefficient which shall not exceed 4.

10.51.5.4.1 For longitudinally stiffened flanges,
the critical stress, F , shall be computed as:

SectioN 10 STRUCTURAL STEEL

w _ 3070k
P \/Fy (10-139)
E, =F, (10-139)
3070Vk _w _ 66507k
ST ST (10-140)

o

. CT
F = 0.592Fy(1 +0.687sm2) (10-141)

w
) 6.650Vk = " \JF,
3,580

(10-1414a)
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b 6650Jk
for : ﬁFy (10-142)
P 2
E,:zé.zk(j x10° (10-143)
w

10.51.5.4.2 Deleted
10.51.5.4.3 Deleted

10.51.5.4.4 When longitudinal stiffenersare used,
it is preferable to have at least one transverse stiffener
placed near the point of dead load contraflexure. The
stiffener should have asize equal to that of alongitudinal
stiffener. The number of longitudinal stiffeners prefer-
ably shall not exceed 2. If the number of longitudinal
stiffeners exceeds 2, then the use of additional transverse
stiffeners shall be considered.

10.51.5.5 Thewidth-to-thicknessratio of any out-
standing element of the flange stiffeners shall not exceed
the limiting values specified in Table 10.48.5A.

10.51.5.6 Compression flanges shall also satisfy
the provisions of Article 10.51.4. The effective flange
plate width shall be used to calcul ate the factored flange
bending stress. The full flange plate width shall be used
to calculate the buckling stress of the flange.

10.51.6 Diaphragms

Diaphragms, cross-frames, or other means shall be
provided within the box girders at each support to resist
transverse rotation, displacement, and distortion.

Intermediate diaphragms or cross-frames are not re-
quired for box girder bridges designed in accordance
with this specification.

10.51.7 Flangeto Web Welds

Thetotal effective thickness of the web-flange welds
shall not be less than the thickness of the web, except,
when two or more interior intermediate diaphragms per
span are provided, the minimum size fillet welds speci-
fied in Article 10.23.2.2 may be used. Regardless of the
typeweld used, welds shall be deposited on both sides of
the connecting flange or web plate.
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10.52 SHEAR CONNECTORS
10.52.1 General

The horizontal shear at the interface between the
concrete slab and the steel girder shall be provided for by
mechanical shear connectors throughout the simple
spans and the positive moment regions of continuous
spans. In the negative moment regions, shear connectors
shall be provided whenthereinforcing steel embeddedin
theconcreteisconsidered apart of thecomposite section.
In case thereinforcing steel embedded in the concreteis
not considered in computing section properties of nega-
tive moment sections, shear connectors need not be
provided in these portions of the span, but additional
connectors shall be placed in the region of the points of
dead load contraflexure as specified in Article
10.38.5.1.3.

10.52.2 Number of Connectors

The number of shear connectors shall be determined
in accordance with Article 10.38.5.1.2 and checked for
fatigue in accordance with Articles 10.38.5.1.1 and
10.38.5.1.3.

10.52.3 Maximum Spacing

Themaximum pitch shall not exceed 24 inches except
over the interior supports of continuous beams where
wider spacing may be used to avoid placing connectorsat
locations of high stresses in the tension flange.

10.53 HYBRID GIRDERS

This section pertains to the design of girders that
utilizealower strength steel intheweb thaninoneor both
of theflanges. It appliesto composite and non-composite
plate girders and to composite box girders. At any cross
section where the bending stress in either flange caused
by the maximum design load exceeds the minimum
specified yield strength of the web steel, the compres-
sion-flange area shall not be less than the tension-flange
area. The top-flange area shall include the transformed
area of any portion of the slab or reinforcing steel that is
considered to act compositely with the steel girder.

The provisions of Article 10.48 through 10.52 shall
apply tohybrid beamsand girdersexcept asmodified bel ow.
In al equations of these articles, Fy shall be taken as the
minimum specifiedyield strength of thesteel of theelement
under consideration with the following exceptions:




&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

a/trans

(1) In Articles 10.48.1.1(b), 10.48.4.1, 10.48.5.1,
10.48.6.1,10.49.2, 10.49.3.2(b), and 10.50.1.1.2,
use Fy of the compression flange.

(2) Articles 10.57.1 and 10.57.2 shall apply to the
flanges, but not to the web of hybrid girders.

The provisions specified in Article 10.40.4 shall also
apply. Longitudinal web stiffenerspreferably shall not be
located in yielded portion of the web.

10.53.1 Non-Composite Sections
10.53.1.1 Compact Sections

The equation of Article 10.48.1 for the maximum
strength of compact sections shall be replaced by the
expression:

My = FyZ (10-145)

where:

Fyr = specified minimum yield strength of the flange
(psi)
Z = plastic section modulus (in.3)

In computing Z, the web thickness shall be multiplied
by theratio of the specified minimumyield strength of the
web, Fyy, to the specified minimum yield strength of the
flange Fys.

10.53.1.2 Braced Non-Compact Sections

The equations of Article 10.48.2 for the design bend-
ing strength of braced non-compact sections shall be
replaced by the expressions

Mu = FyiSqR (10-146)
My = FaScRoR (10-1464a)

where:

S¢ = section modulus with respect to the tension
flange (in.3)

For symmetrical sections,

o 12+ 03a - &)

12425 (10-147)
where:
g b
Fyf
A
ﬁ — AW
!
for unsymmetrical sections,
1-a) B-y+a
roy Pri-af G-y +ay) (10-148

6+By(3-y)

where:

Y = distance from the outer fiber of the tension
flangeto the neutral axisdivided by depth of the
steel section

R shall be taken 1.0 at sections where the bending
stress in both flanges caused by factored loads does not
exceed the specified minimum yield strength of the web.

10.53.1.3 Partially Braced Sections

The design bending strength of non-compact hybrid
sections of partially braced members not satisfying the
lateral bracing requirement given by Equation (10-101)
shall be calculated asthelesser of the M, cal culated from
Equation (10-146) or M, calculated from Equation (10-
146d). M, calculated from Equation (10-1464) is not to
exceed M, calculated from the provisions of Article
10.48.4.1 with Equation (10-103a) replaced by the ex-
pression

My=M, Ry R (10-148a)
and the yield moment calculated as
SectioN 10 STRUCTURAL STEEL 10-101
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My = Fy SR (10-148b)

where:

R = Reduction factor for hybrid girders determined
from Article 10.53.1.2

R, = bending reduction factor determined by Equa-
tion (10-103)

10.53.1.4 Transversely Stiffened Girders

Equation (10-114) of Article 10.48.8.1 for the shear
capacity of transversely stiffened girders shall be re-
placed by the expression

Vu=V,C (10-149)

Theprovisionsof Article 10.48.8.2 and equationfor A

in Article 10.48.5.3 are not applicable to hybrid girders.

10.53.2 Composite Sections

The design strength of a compact composite section
shall be computed as specified in Article 10.50.1.1.2 or
Article10.50.2.1, asapplicable, using the specified mini-
mumyield strength of the element under considerationto
computethe plastic moment capacity. Theyield moment
inArticle10.50.1.1.2 shall be multiplied by R (for singly
symmetrical sections) fromArticle10.53.1.2, where  is
calculated as specified below for non-compact compos-
ite sections.

The design bending strength of a non-compact com-
posite section shall be taken as the design strength com-
puted from Article10.50.1.2 or Article 10.50.2.2, as ap-
plicable times R (for unsymmetrical sections) from Ar-
ticle10.53.1.2, inwhich ¢ isthe distance from the outer
fiber of the tension flange to the neutral axis of the
transformed section divided by the depth of the steel
section.

10.54 COMPRESSION MEMBERS
10.54.1 Axial Loading
10.54.1.1 Design Axial Strength

The design axial compression strength of concentri-
cally loaded columns shall be computed as:

10-102 Section 10 STRUCTURAL STEEL

P,=0.85AsFq (10-150)

where:

As = grosseffective area of the column cross section
(in2)
Fer = critical stress determined by one of the follow-
ing two formulas® (psi)
KL _ |27°E
for - o\ F (10-151)

F (kLY
Fcr=F{1—4ﬁ§E( r M (10-152)

KL _ |27°E
for B F, (10-153)
2
Fvcr = z E 2
(KL) (10-154)
,
where:

K = effectivelength factor in the plane of buckling;
Lc = length of the member between pointsof support
(in.)

radius of gyration in the plane of buckling (in.)
yield stress of the steel (psi)

= 29,000,000 (psi)

r
Fy
E

*Singly symmetric and unsymmetric compression members,
such as angles, or tees, and doubly symmetric compression mem-
bers, such as cruciform or built-up members with very thin walls,
may also require consideration of flexural-torsional and torsional
buckling. Refer tothe Manual of Steel Construction, Ninth Edition,
1989, American Institute of Steel Construction.

+ o+ 4+
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10.54.1.2 EffectiveLength

The effective length factor K shall be determined as
follows:

(8) For membershavinglateral supportinbothdirec-
tionsat its end:

K = 0.75for riveted, bolted, or welded end connec-
tions;
K = 0.875 for pinned ends.

(b) For members having ends not fully supported
laterally by diagonal bracing or an attachment to
an adjacent structure, the effective length factor
shall be determined by a rational procedure.”

10.54.2 Combined Axial Load and Bending
The combined maximum axial force P and the maxi-

mum bending moment M acting on abeam-column shall
satisfy the following equations:

P MX me

0854 + + L <1.0
. st cr Mux 1_L M 1_L
AF, “\" AF,
(10-155)
P M M
+—= +—2<1.0
0.854F, M, M, (10-156)

where:

F¢r = critical stress as determined by the equations of
Article 10.54.1.1(psi)

My = design bending strength as determined by Ar-
ticles 10.48.1, 10.48.2, or 10.48.4;

E7r2

Fe = [&)2 the Euler buckling stressin the plane of

7

bending;
(10-157)

* B.G. Johnson, Guide to Stability Design Criteria for Metal
Structures, John Wiley and Sons, Inc., New Y ork, 1976.

Cmx, Cy = coefficients applied to bending terms in
interaction formula for prismatic mem-
bers; dependent upon member curvature
caused by applied moments about the x-
axis and y- axis, respectively, as deter-
mined from Table 10.36A

Mp = FyZ, the full plastic moment of the sec-
tion (Ib-in.)

4 = plastic section modulus (in.3)

KrLC = effectiveslendernessratiointhe plane of
bending;

X = subscript; represents the x axis

y = subscript; representsthey axis

10.54.2.1 Deleted

10.54.2.2 Deleted

10.55 SOLID RIB ARCHES

10.55.1 Moment Amplification and Allowable

Stresses
1
A —
AF,
2

(KL) .

F, r)
F =—2|1- / and F, = F,
1.18 Az FE ’

(10-160)

10.55.2 Web Plates

10.55.2.1 The width-thickness ratio (D/t,,) of the
web plates shall not exceed the limiting values specified
in Table 10.55.2A.
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TABLE 10.55.2A Limiting Width-Thickness Ratios for Solid Rib Arches

Width-
Description of Component Thickness Limiting Width-Thickness Ratio
ratio
Without longitudinal 6,750
stiffeners \/Ta (10-161)
Dit, 10,150 (10-162)
Web With two longitudinal NIA
Plates stiffeners at the one-third
points of the web depth
1
3,500 (10-163)
V7.
O}ltstandmg element of bt 2,200 <12 (10-164)
stiffeners s f+ 1,13
Plates between webs 2,700 (10-165)
Fl Jot 1
ange ,
Plates b /tf
2,200

Overhang plates

<12 (10-166)

VIatty

b' = width of flange plate or width of outstanding element of web stiffeners (in.)

D = clear distance between flanges (in.)

f, = calculated axial compressive stress in the component under consideration (psi)

f, = calculated compressive bending stress in the component under consideration (psi)
tr = flange plate thickness (in.)
ts = web stiffener outstanding element thickness (in.)
tw = web plate thickness (in.)

10-104

Section 10 STRUCTURAL STEEL

e e s



+ o+ 4+

&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

a/trans

10.55.2.2 The width-thickness ratio (b'/ty) of any
outstanding element of the web stiffeners shall not ex-
ceed the limiting values specified in Table 10.55.2A.

10.55.3 FlangePlates

The width-thicknessratio (b'/t;) of flangeplates shall not
exceed the limiting values specified in Table 10.55.2.A.

10.56 SPLICES, CONNECTIONS, AND
DETAILS

10.56.1 Connectors
10.56.1.1 General

Connectors and connections shall be proportioned so
that their design strength as given in this Article, as
applicable, shall be at least equal to the effects of service
loads multiplied by their respectiveload factors as speci-
fied in Article 3.22.

10.56.1.2 Welds

Thedesign strength of theweld metal ingrooveandfillet
weldsshall beequal to or greater than that of thebasemetal,
except that the designer may use electrode classifications
with strengths |ess than the base metal when detailing fillet
welds for quenched and tempered steels. However, the
welding procedure and weld metal shall be selected to
ensure sound welds. The effective weld areashall betaken
asdefinedin ANSI/AASHTO/AWS D1.5 Bridge Welding
Code, Article 2.3 and the Standard Specifications of the
California Department of Transportation.

Thedesign strength of theweld metal, F (psi), shall be
taken as:

Groove Welds:

F=100F, (10-1664)
Fillet Welds:

F=045F, (10-166b)
where:

Fy = specified minimum yield strength of
connected material (psi)

Fu = specified minimumtensilestrength of theweld-
ing rod but not greater than the tensile stress of
the connected parts (psi)

10.56.1.3 Fasteners

10.56.1.3.1 Inproportioningfasteners(rivets, bolts,
threaded studs and threaded rods), the cross sectional
area based upon nominal diameter shall be used.

10.56.1.3.2 Design Shear Strength

The design shear strength of afastener, R, (Ib.), shall
be taken as:

For fastenersin joints whose length between extreme
fasteners measured parallel to the line of action of the
forceisless than 50 inches:

R, = A,F.N, (10-166¢)

where:

A, = areaof the fastener corresponding to the nomi-
nal diameter (in.2)

F, = design shear strength of fastener material speci-
fied in Table 10.56A (psi)

Ns = number of shear planes of the fastener

Thedesign shear strength of afastener in connections
greater than 50inchesshall betaken as0.8timesthevalue
given by Equation (10-166c).

10.56.1.3.3 Design Tension Strength

Thedesigntension strength of afastener, R; (Ib.), shall
be taken as:

R = AF,

t t

(10-166d)

where:

Fi = designtensionstrength of fastener material speci-
fied in Table 10.56A (psi)

SectioN 10 STRUCTURAL STEEL 10-105
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TABLE 10.56A Design Strength of and Fastener Materials
Design Shear Strength Design Tension Strength
Type of Fasteners F,= ¢, (psi) F,= ¢ (psi)
@ F, (psi) @ F, (psi)
Rivets 0.65 0.58F 0.65 F,
Bolts
Tglread?a are excluded from 0.48F 0.65 (for A307,
shear plane
0.78 A36, AS88, 0.75F

Bolts AS72) "
Threads are included in 0.38F, 0.75 (for others)
shear plane

Fu = specified minimum tensile strength of the fastener given in Table 10.2C (psi)

10.56.1.3.4 Thedesign bearing strength, R (Ib.), on
the connected material in standard, oversized, short-dlotted
holesloaded in any direction, or long-dotted holes parallel
to the applied bearing force shall be taken as:

R=09L(F, <18dtF,  (10-1666)

Thedesignbearing strength, R(Ib.), on the connected
material in long-slotted holes perpendicular to the ap-
plied bearing force shall be taken as:

R=0.75LtF, <15dtF, (10-166f)
The design bearing strength for the connection is

equal to the sum of the design bearing force strength for
the individual bolts in the connection.

where:

R = design bearing strength (Ib.)

Fu = specified minimum tensile strength of the con-
nected part (psi)

L. = clear distance between the holes or between the
hole and the edge of the material inthedirection
of the applied bearing force (in.)

d = nominal diameter of bolt (in.)

t = thickness of connected material (in.)

10-106 Section 10 STRUCTURAL STEEL

10.56.1.3.5 High-strength boltspreferably shall be
used for fasteners subject tension or combined shear and
tension.

For combined tension and shear, boltsand rivets shall
be proportioned so that the tensile stressdoes not exceed:

for f,/F, <033
F/ =F, (10-167)
for
F'= F\1-(f,/F,) (10-167a)
where:

fy = calculated rivet or bolt stressin shear (psi)

Fy = design shear strength of rivet or bolt from Table
10.56A or equal to KuTpasspecifiedin Article
10.57.3.1 (psi)

F; = design tensile strength of rivet or bolt from
Table 10.56A (psi)

F{ = reduced design tensile strength of rivet or bolt
due to the applied shear stress (psi)

o+t o+ o+ +
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10.56.1.4 Slip-Critical Joints

Slip-critical joints shall be designed to prevent slip at
the overload in accordance with Article 10.57.3, but asa
minimum the bolts shall be capable of developing the
minimum strength requirements in bearing of Articles
10.18 and 10.19.

Potential dlip of joints should be investigated at inter-
mediate load stages especially those joints located in
composite regions.

10.56.2 Bolts Subjected to Prying Action by
Connected Parts

Boltsrequiredto carry appliedload by meansof direct
tension shall be proportioned for the sum of the external
load and tension resulting from prying action produced
by deformation of the connected parts. The total tension
should not exceed the values given in Table 10.56A.

The tension due to prying actions shall be computed
as.

(10-168)

where:

Q = prying tension per bolt (taken as zero when
negative) (Ib.)

T = direct tension per bolt dueto external load (Ib.)

a = distance from center of bolt under consider-
ation to edge of plate (in.)

b = distancefrom center of bolt under consideration
to toe of fillet of connected part (in.)

t = thickness of thinnest part connected (in.)

10.56.3 Rigid Connections

10.56.3.1 All rigid frame connections, therigidity
of which is essentia to the continuity assumed as the
basisof design, shall be capabl e of resistingthemoments,
shears, and axial loads to which they are subjected by
maximum |loads.

10.56.3.2 The thickness of beam web shall meet
the following requirement:

il

Fd,d.

y

(10-169)

where:

M = column moment (Ib-in.)
dp = beam depth (in.)
dc = column depth (in.)

When the thickness of the connection web does not
satisfy the above requirement, the web shall be strength-
ened by diagonal stiffeners or by areinforcing plate in
contact with the web over the connection area.

Atjointswherethe flanges of one member arerigidly
framed into one flange of another member, the thickness
of the web, t,, supporting the latter flange and the
thickness of the latter flange, t., shall be checked by the
formulasbelow. Stiffenersarerequired on theweb of the
second member opposite the compression flange of the
first member when

A
t, <—~
t, + 5k

(10-170)

and opposite thetension flange of the first member when

. < 0.4\/A7/

(10-171)

where:

tw = thickness of web to be stiffened (in.)

k = distance from outer face of flange to toe of web
fillet of member to be stiffened (in.)

t, = thicknessof flangedeliveringconcentratedforce
(in.)

tc = thicknessof flange of member to be stiffened (in.)

As = areaof flangedelivering concentratedload (in.2)

10.57 OVERLOAD

Theoverload isdefined as Group 1 1oading divided by
1.3. If moment distribution is permitted under the provi-
sions of Article 10.48.1.3, the limitations specified in
Articles 10.57.1 and 10.57.2 shall apply to the modified

SectioN 10 STRUCTURAL STEEL 10-107
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moments, but not to the original moments. Web bending-
buckling shall be checked at overload according to Equa-
tion (10-173). For composite sections, D shall be cal cu-
lated inaccordancewith Article 10.50(b). Sectionsthat do
not satisfy Equation (10-173) shall bemodified to comply
with the requirement.

10.57.1 Non-Composite Sections

At non-composite sections, the maximum overload
flange stress shall not exceed 0.8F,.

10.57.2 Composite Sections

At composite sections, the maximum overload flange
stress shall not exceed 0.95Fy. In computing dead load
stresses, the presence or absence of temporary supports
during the construction shall be considered. For members
with shear connectors provided throughout their entire
length that al so satisfy theprovisionsof Article10.50.2.3,
the overload flange stresses caused by |oads acting on the
appropriate composite section may be computed assum-
ingtheconcretedeck to befully effectivefor both positive
and negative moment. For this case, theresulting stresses
shall be combined with the stresses dueto loads acting on
the non-composite section to calculate D, for checking
web bend-buckling.

10.57.3 Slip-Critical Joints

10.57.3.1 In addition to the requirements of Ar-
ticles 10.56.1.3.1 and 10.56.1.3.2 for fasteners, the force
caused by the overload on a dlip-critical joint shall not
exceed the design dlip strength, Rs (Ib.), given by:

R =K, u TANN, (10-172)

where:

An = net cross section area of the bolt (in.2)

Np = number of boltsin the joint

Ns = number of dlip planes

Ty = required minimum bolt tension stress specified
in the Standard Specifications of CaliforniaDe-
partment of Transportation or equal to 70% of
specified minimumtensilestrength of boltsgiven
in Table 10.2C (psi)

10-108 Section 10 STRUCTURAL STEEL

u = slip coefficient specified in Table10.57A
Kn = hole size factor specified in Table 10.57B

ClassA, B or C surface conditions of the bolted partsas
defined in Table 10.57A shal be used in joints designated
asdip-critical except as permitted in Article 10.57.3.2.

High strength bolts done according to the Standard
Specifications of the California Department of Trans-
portation, Section 55, will be tensioned and the contact
surface condition of the assembly will be Class B.

TABLE 10.57A Slip Coefficient u
Class Types | Contact Surface of Bolted Parts Y7,

Clean mill scale and blast-cleaned

Class A surfaces with Class A coating 0.33
Blast-cleaned surfaces and blast-

Class B | cleaned surfaces with Class B 0.5
coating
Hot-dip galvanized surfaces

Class C roughened by wire brushing after 0.33

galvanizing

Note: Coatings classified as Class A or Class B include
those coatings which provide a mean slip coeffi-
cient not less than 0.33 or 0.5, respectively, as
determined by Testing Method to Determine the
Slip Coefficient for Coatings Used in the Bolted
Joints. See Article 10.32.3.2.3.

TABLE 10.57B Hole Size Factor Slip Kj
Hole Types K,
Standard 1.0
Oversize and Short-slotted 0.85
Long-slotted holes with the slot 0.70
perpendicular to the direction of the force ’
Long-slotted holes with the slot parallel to 0.60

the direction of the force

10.57.3.2 Subject tothe approval of the Engineer,
coatings providing a slip coefficient less than 0.33 may
be used provided the mean slip coefficient isestablished
by test in accordance with the requirements of Article

+ o+ o+t o+
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10.57.3.3, and the dip resistance per unit area estab-
lished. The slip resistance per unit area shall be taken as
equal to the dlip resistance per unit area from Table
10.57A for Class A coatings as appropriate for the hole
type and bolt type times the slip coefficient determined
by test divided by 0.33.

10.57.3.3 Paint, used on the faying surfaces of
connectionsspecifiedto besdlip critical, shall bequalified
by testinaccordancewith” Test Method to Determinethe
Slip Coefficient for Coatings Used in Bolted Joints’ as
adopted by the Research Council on Structural Connec-
tions. See Appendix A of Allowable Stress Desigh Speci-
ficationfor Sructural JointsUsing ASTM A 325 or A490
Bolts, published by the Research Council on Structural
Connections.

10.57.3.4  For combined shear and tension in slip
critical jointswhereappliedforcesreducethetotal clamp-
ing force on the friction plane, the dlip force shall not
exceed the design slip strength given by:

R =R (1-1.88f,/F,) (10-172b)

where:

fi = calculated tensile stress in the bolt due to ap-
plied loads including any stress due to prying

actions (psi)

Rs = design dlip strength specified in Equation (10-
172) (Ib.)

Fu = specified minimum tensile strength of the bolt
from Table 10.2C (psi)

10.58 FATIGUE
10.58.1 General

The analysis of the probability of fatigue of steel
members or connection under service loads and the
allowable range of stress for fatigue shall conform to
Article 10.3, except that the limitation imposed by the
basic criteriagivenin Article 10.3.1 shall not apply. For
members with shear connectors provided throughout
their entire length that also satisfy the provisions of
Article 10.50.2.3, the range of stress may be computed
using composi te section assuming the concrete deck to be
fully effective for both positive and negative moment.

10.58.2 Composite Construction
10.58.2.1 Sab Reinforcement

When composite action is provided in the negative
moment region, the range of stressin slab reinforcement
shall be limited to 20,000 psi.

10.58.2.2 Shear Connectors

The shear connectors shall be designed for fatiguein
accordance with Article 10.38.5.1.

10.58.3 Hybrid Beamsand Girders

Hybrid girders shall be designed for fatigue in accor-
dance with Article 10.3.

10.59 DEFLECTION

Thecontrol of deflection of steel or of composite steel
and concrete structures shall conform to the provision of
Article 10.6.

10.60 ORTHOTROPIC
SUPERSTRUCTURES

A rational analysis based on the Strength Design
Method, in accordance with the specifications, will be
considered as compliance with the specifications.

10.61 CONSTRUCTIBILITY

The Moment and shear capacity of a steel beam or
girder shall meet the requirements specified below to
control local buckling of the web and compression
flange, and to prevent lateral torsional buckling of the
cross section under the non-composite dead load prior to
hardening of the deck slab. The casting or placing se-
guence of the concrete deck specified in plans shall be
considered in determining the applied moments and
shears. A load factor y = 1.3 shall be used in calculating
the applied moments and shears.

10.61.1 Web

The maximum factored non-composite dead load
compressive bending stress in the web shall not exceed
the allowable design bending stress given below:
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where:

Fyw= specified minimum yield strength of the web
(psi)

D, = depth of the web of the steel beam or girder in
compression (in.)

D = webdepth (in.)

ty = thickness of web (in.)

k =9(D/Dg)? for members without a longitudinal
stiffener

a = 1.3formemberswithout alongitudinal stiffener

a = 1.0for memberswith alongitudinal stiffener

Sections without longitudinal stiffeners that do not
satisfy Equation (10-173) shall either be modified to
comply with the requirement or alongitudinal stiffener
shall be added to the web at a location on the web that
satisfiesboth Equation (10-173) and all strengthrequire-
ments, which may or may not correspond to the optimum
location of thelongitudinal stiffenersspecifiedinArticle
10.49.3.2(a). For longitudinally stiffened girders, the
buckling coefficient, kiscalculated as

for
.-2 .-2
93 04 k= 517 23323988'32
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where:

ds = distancefromthecenterlineof aplatelongitudi-
nal stiffener or thegagelineof ananglelongitu-
dinal stiffener to theinner surface or the leg of
the compression flange component (in.)

Theweb thickness requirements specified in Articles
10.48.5.1, 10.48.6.1, 10.49.2 and 10.49.3.2(b) shall not
beappliedtothe constructibility load case.
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The sum of the factored non-composite and composite
deadloadshearsshall not exceed designshear strengthof the
web specifiedin Article 10.48.8.1 (Equation 10-113).

10.61.2 Deleted
10.61.3 CrossSection

The maximum factored non-composite dead-load
moment shall not exceed the value of M, calcul ated for
the steel beamsor girder using the equationsspecifiedin
Article10.48.4.1.

10.61.4 CompressionFlange

Theratio of thecompressionflangewidthtothickness
in positive-moment regions shall meet the following
requirement:

b 240 ;o
N

(10-174)

where:

fa = top-flange compressive stress due to the fac-
tored non-composite dead load divided by the
factor R, specified in Article 10.48.4.1, but not
to exceed Fy. (psi)






